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ABSTRACT 


A computer simulation model is developed for uSe in 
analysing the Navy's Fleet Air Defense problem. The model 
provides for employment of monostatic and bistatic search 
radars in a clear or jamming environment. Use of the model 


is demonstrated by analysing a hypothetical problem. 
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i ENTRODUCTION 


The purpose of this thesis is to develop a computer 
Simulation model for use in analysing the Navy's Fleet Air 
Defense problem, and to demonstrate the usefulness of the 
model with a hypothetical air defense scenario. The model 
is unique in that it provides for employment of bistatic as 
well as monostatic search radars. A bistatic radar is sim- 
ply a radar system in which the radar transmitter and the 
radar receiver are not collocated. This capability was pro- 
vided to allow for the investigation of the possible advan- 
tages of the use of a bistatic radar receiver in view of the 
extensive capability for passive detection of active radars. 

The model, acronym FADS, for Fleet Air Defense Simula- 
tion, iS programmed in FORTRAN IV level G, and is designed 
to run on an IBM 360/65 computer meeting the core require- 
ment of 350 kilobytes. 

FADS is structured along the lines of FLOATS IIB, a 
model currently maintained at the Johns Hopkins University 
mopeted Physics Laboratory [Ref. 6]. The significant dif- 
ferences from FLOATS IIB which have been incorporated in 
FADS are: bistatic search radar systems, provision for en- 
gagement of bombers by surface-to-air missiles (SAM), the 
addition of a surface-to-surface missile (SSM) capability 
for the defensive forces, a control logic which requires 
the defensive forces to hold fire until fired on, the in- 


clusion of a dispersed defensive force disposition, and the 
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means for constructing up to six distinct. target lists for 
the attacking eaplic Sy. 

FADS is suitable for analysing both large scale problems 
and one-on-one situations in a clear or jamming environment. 
In general, the model prevides for the description of up to 
90 enemy raiders of 10 different classes, 40 defensive units 
of 10 different classes, 15 classes of radars, 10 classes of 
SAMs, 35 time delay distribution functions, and 18 logic 
Switches are included which vary the defensive play of the 
Simulation. During the computer debugging phase of the 
model construction, FADS was exercised in all of its various 
modes. Included among these were clear and jamming environ- 
ment, Single and multi threats, area and point defense, 
BPRUemoOnOStaric and Wistatwe search radar systems. 

The particular problem used to demonstrate the useful- 
ness of the model is an investigation of the relative ef- 
fectiveness of 100 nautical mile and 50 nautical mile 
non-fire control dedicated SAM systems deployed on picket 
me SUrface unitS with bistatic search radar capability. 
This type of SAM system employs active or passive homing 
throughout its entire flight. The measure of effectiveness 
for the respective SAM systems is the rate at which enemy 
air-to-surface and surface-to-surface missiles (ASM/SSM) 
arrive at their target area during the ASM/SSM impact phase. 
This is an indication of the level of the enemy attack sur- 
ervine the picket defenses and will Aenea Stnate the dimin- 


moatne Of the intensity of the air battle which will be 
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meeead in the vicinity of the main force. The primary concern 
is to determine what effect the different missile ranges 

will have on breaking up this focus of an enemy ASM/SSM 

ee tack. 

The analysis was conducted with hypothetical or illus- 
trative values for all systems. Specific performance char- 
acteristics for the bistatic radar system and the missile 
system do not exist. Care was’‘taken to ensure that the hy- 
pothetical values were within the range of existing systems . 
and that the proposed systems' parameters were comparable to 
present system capabilities when appropriate. 

section II of the thesis contains a general description 
of the flow of events in FADS and a discussion of the princi- 
pie assumptions in the model. The snecific inputs and re- 
sults of the demonstration problem together with an analysis 
of the results are contained in Section III. Sections IV 
and V provide a detailed listing of the inputs required and 
the outputs received from FADS. Conclusions are given in 
Section VI. The appendixes contain background Ore nion 
on bistatic radar systems, a verbal description of the simu- 
lation program, glossaries, and a FORTRAN IV computer program 


misting. 
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II. BACKGROUND AND DISCUSSION 


A. GENERAL DESCRIPTION OF THE SIMULATION MODEL 

FADS is a large scale store-event simulation of a Task 
Force size surface missile engagement with an enemy air 
attack. The model is capable of representing a threat con- 
Sisting of a coordinated missile attack launched from air- 
craft, surface units or submarines. Although the model 
provides for defensive engagement of the enemy missiles and 
launch platforms with either SAM or SSM, there is no deter- 
mienation of defensive interceptor attrition of enemy systems 
during the engagement. If interceptors are to be employed, 
they must be played against the launch platforms prior to 
the start of the game and the enemy forces reduced to the 
appropriate level. The Air Battle Analyzer developed by the 
Applied Physics Laboratory of Johns Hopkins University is a 
Suitable tool to determine these interceptor attritions 
fpsex. 11). 

The simulation determines friendly force equipment avail- 
ower 2es at the start of each iteration. These availabil- 
ities are based on a comparison between user inputs of the 
probability that a given equipment is operational and the 
value of a uniform (0,1) random number which is drawn by the 
computer. The next step in the simulation's iterative proc- 
ess is to determine detections and firing events for the 


friendly forces against the enemy launch platforms. These 
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SAM/SSM fire events are stored in an events list in a time 
sequence. The enemy ASM/SSM launch sequence and targeting 
is computed next. Detections and resultant fire events 
against the enemy ASM/SSM's are then determined and entered 
in the appropriate sequence in the events list. Friendly 
SAM/SSM intercepts and target hits are evaluated followed by 
enemy ASM/SSM hits and ship kill determinations. The kill 
and damage events are time interactive so that offensive and 
defensive force capabilities are decremented as hits occur. 
The simulation then prints statistics for the iteration and 
starts the next iteration by re-entering the flow at the 
point where equipment availabilities are determined. The 
program stops upon completion of the specified number of 


2 6 ee el Sees a ee See Sea eS : : 
Mmiecralivls ana Cumuracvive Statis@ece ome vorovidded. 


B. ASSUMPTIONS 
1. Bistatic Radar System 

In the bistatic detection portion of the simulation, 
the principle assumptions made regarding bistatic radar sys- 
tems are: a) the target's bistatic radar cross section is 
equal to its monostatic cross section; b) the target is not 
located along the transmitter-receiver base line; and c) the 
radar propagation losses are the same as those experienced 
in monostatic systems. 

a. Radar Cross Section 

Tice ppcOwimattonmmor the bistatic radar cross 

Pectlon 1S Made on the basis that, in the limit, the bi- 


static cross section is equal to the monostatic cross 
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section except for the case where the scattering angle is 
saual tO 160° [Retf. 10, p. 590]. The scattering angle is 
mie anele between the path from the transmitter to the tar- 
get and the path from the target to the receiver. It is 
equal to 180° when the target is on the base line between 
the transmitter and the receiver. The fact that the mono- 
Beatic and bistatic eross sections are the same in the limit 
does not imply that they are everywhere equal. It does 
imply that the range of the values will be equal and thus on 
the average allow usage of the monostatic cross section to 
provide representative values for detection ranges during 
the iterative process of the computer simulation. 


b. Target Location 


on the base line between the transmitter and the receiver is 
necessary Since range ambiguities result when the scattering 
angle is equal to 180°. This assumption is ron unreasonable 
Since the typical track may cross the base line, but will 
not originate on it and remain on the base ieee A situa- 
tion in which this could occur would be the case when a 
raider while on the base line launches a missile at a target 
which is either the transmitter or the receiver platform. 
c. Propagation Losses 

The ee on concerning the propagation losses 
is appropriate in that similar assumptions are routinely 
made in arriving at detection ranges for monostatic radars. 


merepresentative propagation loss for the nominal dctection 
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range is used in conjunction with the signal to noise ratio 
Za wicea shou a Specitied probability of detectiongto arrive 
at'a minimum reflected power level which must be received 
jn order for target detection to occur. 

An additional assumption concerning the bistatic 
radar system in the simulation model is that the bistatic 
transmitter is always in an operative status. It is not de- 
stroyed by enemy missiles during «he attack phase nor is it 
evaluated as being down or degraded during the equipment 
Seacus evaluation which is conducted at the start of each 
[memoation., Individual bistatic receivers have an assigned 
probability of being operational which should also reflect 
the reliability of their associated transmitter. 


T * 
Zee se alan ne 





some major assumptions were made in Simulating the 
jamming environment in order to keep the problem tractable 
and to remain within reasonable time limits for the computer 
program. The jamming assumptions will tend to drive the 
solution to conservative estimates for the defensive forces. 
The first assumption made is that the jammer and detecting 
radar have a single gain for their main beam. Thus targets 
not in the main beam are considered to be in a unique side- 
lobe which is a Specified number of db below the main beam. 
To determine the eve of the jamming power arriving at the 
detecting radar, it was necessary to approximate the posi- 
tion of the jammer relative to the detecting radar. This 


was done by determining the jammer's position at the time a 
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faaven taneet was 2t the midpoint of its track through the 
radar's detection envelope. In the case of monostatic radar 
this point was the target's closest point of approach. For 
bistatic radar the midpoint in the first detection envelope 
was utilized. The jamming power arriving at the detecting 
radar, given the geometry of this midpoint position, was 
then used to calculate the detection range for the target. 
Additionally, in the computation of bomber detections and 
"shoot" events, no provision is made for jammers which may 
have been shot down prior to the time of detection. This 
assumption is not required in the case of missile detections 
where detection events for missiles take into consideration 
reduction in jamming levels caused by previous destruction 
of jammers. 

The model is limited to four frequency bands for 
frequency separation of individual radars in the jamming en- 
vironment. 

meee, Larget Tracks 

The principle target track assumptions are concerned 
with minor anomalies from the real world situations. These 
assumptions do not detract excessively from the simulation 
results, but do ease computation and simplify programming. 

A fixed altitude for the raider and missiles, and the lack 
of course changes on the part of raiders are such simplify- 
ing assumptions. In the case where a raider or missile 
Track does not change more than 0.1 nautical mile (nm) in 


@xther the x or y direction, the target is assumed to fly 
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parallel to the non-changing amis. If the target does not 
move more than 0.1 nm in both the x and y directions, the 
target is assumed to be stationary. Additionally, raiders 
who have completed their missile launches continue on their 
preset course rather than exiting the battle area. Although 
these targets will be engaged by the defensive forces if 
higher priority targets are not present, the resulting tar- 
get hits can be readily ‘backed out" of the simulation re- 
sults by the user if desired. On the other hand, this 
assumption does allow raiders that are providing standoff 
jamming protection for the missiles to continue to close the 
defensive forces and thereby increase the effectiveness of 
their jamming. 

Other iess geuetal assuinptions are covered as tncy 
occur in the details of the subroutine descriptions in Ap- 


pendix B. 
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IIIf. DEMONSTRATION PROBLEM 


This section presents a demonstration of the use of FADS 
im analysing a hypothetical problem involving bistatic radar 
systems and surface-to-air missiles (SAM). The problem is to 
select the eee citi range required for the SAM system to be 
employed by a small surface combatant (SSC). The proposed 
SAM system is to protect the major units of a naval task 
force involved in an engagement with enemy missile systems. 
The SSC will have a bistatic search radar and the SAMs will 
be active homing missiles requiring no fire control director. 
As such, the SSC will emit no radiation. The SAM character- 
istics and performance capabilities have been specified with 
the exception of the maximum range. Two range capabilities 
will be considered, a 100 nautical mile missile and a 50 
nautical mile missile. The problem thus becomes that of de- 
termining the relative effectiveness of the SSC when equipped 
with the different wane missiles. As discussed in the in- 
meeacguictlion, the measure of effectiveness used to evaluate 
the missiles is the number of enemy missiles penetrating to 
the force center per unit of time. That is, the number of 
missiles arriving at the force center per minute during the 
time period in which missiles are impacting at the force 


center. 
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A. THE SCENARIO 

The BLUE force consists of one High Value Target (HVT) 
and eight small escorts. The BLUE force is maneuvering 
within range of enemy air forces. The HVT is located at 
imeree center and the pickets are equally spaced on a circle 
one hundred miles from che HVT. The picket force is silent 
except for one early warning aircraft which carries the 
teonsmaitter for the bistatic radars. For purposes of this 
analysis, the aircraft is assumed to be at force center and 
at 20,000 feet. 

The RED force has detected the radar transmissions of 
the aircraft and the HVT and have launched an attack of 
twenty-one aircraft accompanied by three jammers. The RED 
aircraft wili attack Siinultaneously in three sections, 
separated by forty degrees of bearing. The RED air force 
has practiced this maneuver to the point that the maximum 
deviation from simultaneous launch will be fifteen minutes. 
Each aircraft will take a maximum of three minutes to launch 
its missiles. The three sections will approach their target 
from 320, 000, and 040 degrees true. The jammers will carry 
equipment to cover all radar bands used by the BLUE force. 
Bach section will consist of one heavy and six light attack 
marcrait. 


The RED air force will attempt to penetrate the BLUE de- 


fense and sink the HVT. The HVT is considered to be unarmed. 


In order to target a BLUE unit in this dispersed formation, 


a RED unit will have to have positive identification of the 
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mait as hostile. An HCM fix, or visual ID will be adequate. 
As the BLUE pickets are not radiating, no ECM fix may be ob- 
fained. AS the pickets are assumed to be smaller than a 
destroyer escort, and the RED aircraft will fly at a minimum 
mieetude of 33,000 feet, no positive visual identification 
will be allowed. 

The radio and radar silence of the pickets leaves them 
‘without the ability to coordinate their defense. No BLUE 
intercept will be allowed if the intercept point is within 
two miles of another BLUE unit's assigned position. The 


BLUE units will use a shoot-look-shoot doctrine. 


B. THE INPUTS 
1. The Units 
a. The BLUE Units 

The BLUE units consist of the HVT, eight pickets, 
and one early warning aircraft. Positions are as indicated 
in the scenario. 

(1) HVT. For the purpose of this analysis the 
HVT is assumed to be unarmed. 

(2) Pickets. The pickets will employ a type 4, 
bistatic, band 4 radar with an antenna height of 50 feet. 
They will carry thirty missiles in canisters. The probabil- 
Mmiey Of a correct target identification Waller 5 OS ; 

(3) Early Warning Aircraft. The BLUE early 
Mernang aircraft will be unarmed. It will carry a type 4 
radar and serve as the transmitter for the pickets' bistatic 


receiver. 


22 





b. The RE@ainits 


The three classes of RED units are heavy attack, 


iteht attack and 


is) 
@roait will carry 


acteristics. 


jammers. 
Weavy MaclLack., ihe RED heavy attack air— 


a type) 5 radar and have thesitol lowing@enar— 


WEAPONS : 1 type I ASM 
4 type II ASM 
SPEED: 415 Knots 
JAMMERS: none 
RADAR CROSS SECTION: 40 square meters 


ALTITUDE: 35,000 feet 


CZomaChieAeuackze. Lhe RED light attack air- 
@eatt will Carry @ type 5 recar and have the following char- 
merecriSstics., 
WEAPONS : 2 type II ASM 
SPEED: 420 Knots 
JAMMERS: none 
RADAR CROSS SECTION: 13 Square meters 
ALTITUDE: 33,000 feet 
(3) Jammers. The RED jammer will carry no 
mecdar. it will have the following characteristics. 


WEAPONS: none 
SPEED: 417 Knots 


JAMMERS: bands 1-4 
290 watts/MHZ/band 
309" beam width 
~20 db side-lobe ratio 
jamming target, HVT 





RADAR CROSS SECTION: 32 square meters 
ALTITUDE: 40,000 feet 
Zoe ine hadars 
The two radars which the simulation will use to play 
mie simulation are the class 4 and class 5 radars. Class 4 
radars are found on all pickets and class 5 on all raiders. 
a. Class 4 Radar 
TYPE: Bistatie 
B: TZ20 amy? 
OF 30 aya 
SIDE LOBE RATIO: -20 db 
MAXIMUM INSTRUMENTED RANGE: 200 miles 


RADAR FREQUENCY BAND: 4 


TRANSMITTER UNIT: aircraft overhead HVT 

TRANSMITTER ANTENNA HEIGHT: 20,000 feet 
b. Class 5 Radar 

TYPE: Monostatic 

Be 100 nm/m? 

oo o0 ann aie 

SIDE LOBE RATIO: -~-20 db 

MAXIMUM INSTRUMENTED RANGE: 200 miles 

RADAR FREQUENCY BAND: 3 


BEAM WIDTH: 3 degrees 
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Jeelneehedetrcm Lime Distributions 
The reaction time distributions for target process- 


ing by the picket are displayed below. 





oO. ee 





CUMULATIVE PROBABILITY 


O, @O.5 ie Fee, 220 
DETECTABILITY TO DETECTION DELAY IN MINUTES 
Figure 1 





CUMULATIVE PROBABILITY 


O. ORs. ie i 2.0 
DETECTION TO ID AND DESIGNATION TO WEAPONS EQUIPMENT 


Poaire 2 


ae 





CUMULATIVE PROBABILITY 


CUMULATIVE PROBABILITY 





ASSIGNMENT TO FIRING CONSOLE IN MINUTES 
Figure 3 
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O. OzD Eo 1.5 20 


FIRING DELAY IN NINUTES 
Figure 4 
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4. The Weapons 
a. The BLUE Weapons 


There are two types of BLUE weapons. Both are 
SAMs and are denoted as SAM LR (long range) and SAM SR 
(short range). 

Ch) oo SE eee ome pen the lOO mile version 
of the BLUE missile. It will have two sets of intercept 
parameters. The first is for a large, slow, high flying tar- 


get. The second is for a small, fast, medium altitude target. 





Figure 9 


SAM Intercept Contour for High Altitude Engagement 


The input value for the SAM LR class are: 


A = 100 

B = 100 

N = 2.0 

SLOPE = -20 

SEEK = -5 

Bene L400 Knots 





PROBABILITY KILL FOR SINGLE SHOT (PKSS) 


= 88 
PKSS (CROSSING) = .79 
SYSTEM RELIABILITY = .95 
LAUNCH RELIABILITY = .99 


MAXIMUM ALTITUDE = 59,000 feet 
MINIMUM RANGE = 0.5 miles 
The intercept parameters A, B, N, SLOPE, and 
SEEK are defined in the description of subroutine TIMMY in 


Appendix B. 


aa 


Le oa 


Figure 6 


SAM Intercept Contour for the Medium Altitude Engagement 


oo 

1B) = SIO. 

N = 2.8 
SLOPE = -1 


All other parameters are the same as 
high altitude engagement 
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CAs niga eats Wall pe thewoG mile version 
of the BLUE missile. The intercept contours will be the 
same as those for the SAM LR except the down range and cross 
range values are half the SAM LR values. | 

b. The RED Weapons 

The RED aircraft carry two types of ASMs. 

(1) ASM Type I. 

| SPEED: 750 Knots 

Ele Lupe.» 20, C00 miecet 

LAUNCH RANGE: 120 miles 

LAUNCH RELIABILITY: 0.85 

NEC tGH eA ini i sec) 

RADAR CROSS SECTION: 1.79 square meters 

(2) ASM Type II. 

' SPEED: 900 Knots 
ALTITUDE: 15,000 feet 
LAUNCH RANGE: 110 miles 
PAUNCH REGTABI LEERY: = 0265 
IVPCIGH IRE LAs rir 6.9 


RADAR CROSS SECTION: 1.01 square meters 
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fe RESULTS 


A summary of the results for 100 iterations is presented 


below. 
il. ASM Results. SAM SR SAM LR 
Available 5100 5100 
Destroyed with launch platform 12 Se PETS EA 
Launched 4928 (96.64) 4854 (95.22) 
Failed at launch 724 (lie) 750 615. 475 
Failed in flight POMS (eb A Gera. Gi) 
Destroyed by SAMs 0 0 
impact on HVT 3775 (76.64) 3686 (75.92%) 
2. SAM Results. 
Available 24000 24000 
Launched 3401 6440 
Keigks Pio G2. 27) eso o el oat 
ASM 0 @) 
Raiders 2016 2398 
Overkills GOpmCly 267%) 2694) (467) 
Failures 680 (20.0Z) 1348 (20.9%) 
Die ASM Impact Intervals (minutes). 
Mean L246 Le 6 
Variance 0,033 020357 
Skewness -0.060 0.070 
kurtosis -0.620 -0.532 
Minimum 091 0.966 
Maximum 1.849 1 o62 
4. ASM Impacts per Minute. 
Mean 26210) 26.192 
Varlance 14.651 7. Dan 
Skewness -0.584 0.453 
Kurtosis -0.006 -0.136 
Minimum £G6.422 18.129 
Maximum By, DO7 37.246 
oe Histograms of the ASM impacts per minute are shown in Figures 7 


and 8. 
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D. ANALYSIS 
The ahalysis of the results consists of three parts. 
The first part contains a parametric evaluation of the ASM 
impacts per minute for the two SAM systems. The second 
part provides a nonparametric evaluation. Part three pro- 
-vides general comments concerning anomalies in the results. 
ie Pawoneinite EValuataon 

The purpose of the parametric evaluation is to test 
whether the mean ASM impacts per minute against the SAM SR 
(us,) 1S Significantly greater than the mean ASM impacts per 
mmiice against the SAM LR (u,,,). With its shorter range 
capability, the SAM SR system should attain a lower number 
of kills than the SAM LR system. Consequently the number of 
Poueimpacts on the HVT that occur during the defense vy the 
SAM SR system should be greater than the number of impacts 
Guring the SAM LR defense. 

a. Null Hypothesis 

Ho: Uso < U,99; SAM SR effectiveness is equal to 

or greater than the SAM LR system's as indicated by the mean 
ASM impacts per minute. 

b. Alternative Hypothesis 

Hi > Usg > Uyo9q; SAM SR is less effective than 

SAM LR and therefore has a higher mean ASM impacts per min- 
te . 

c. Significance Level 


Meola teanece Leveleor 0.05 was wsed in testing 


Ho. 





dad. Statistical Test 
The null hypothesis was tested against the al- 
ternative hypothesis using a t test. The t statistic for 


testing equal means is: 


os 5°00 es 108 
t = 
2 2 2 We: 
pmso7Nioo,) pBsoSso*MiooSiog, 
ies ole NsotNi 907-2 
where: 
= = samobesmean £05 SAM SR. (26.10) 


X100 = Sample mean for SAM LR. (26.19) 
S = sample variance for SAM SR. (14.651) 
Sos Samplervarirance tor SAM LR (17 9541 ) 


Nso= Nioo= Number of samples for SAM SR and SAM LR. (100) 


The null hypothesis will be rejected if the computed test 
feaeistic t is greater than or equal to the table value for 
imme 0.95 point of t distribution with 198 degrees of freedom. 


the table value is: 


ic ge ee  - ioe 


e. Decision 
ine Jcompuced test statistic is t = —-0.1575. 
Since the computed t ratio is less than the tabulated value, 
the null hypothesis cannot be rejected at the 0.05 lewel. 
ie One ii Sie i 
The effectiveness of the SAM SR system was equal 
to or greater than the effectiveness of the SAM LR system at 


mae 0.05 level of significance. 
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SuUStiiteztion Lor Use of the t Test 

It—ender slo Use the t test for diiterence in 
means, three basic conditions: had to be met. These were: 

i) the sample means were independent; ii) the underlying 
distributions from which the samples were drawn was normal; 
and iii) the underlying distributions had equal variances. 

(1) Independence. The independence of the 
Sample means was a reasonable assumption Since the individ- 
ual samples were obtained from different simulation runs 
using different random number streams. 

C2) Normality, the nermality of the sample 
mean values could be asserted on the basis of the sample 
size (100) and the central limit theorem or by demonstrating 
that the means were computed from samples which came from a 
mormal distribution. The underlying normal distribution can 
be shown on ene basis that both samples were unimodal ana 
faymetric, and that the plots of their order statistics 
against the inverse normal probability scale was linear. 

The unimodality of the samples is seen in the histograms in 
figures 7 and 8. Symmetry is evident in both histograms and 
supported by the fact that the kurtosis of the sample values 
meeeclose to zero. The order statistic plots, which are 
Seecariy linear, are shown in figures 9 and 10. 

(3) Equal Variance. The relationship between 
mac Variance of the population from which the samples were 
feewn is tested using the F ratio. This test is applicable 


Since the populations are normally distributed. 
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Figure 10 
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(a) Null Hypothesis. HH): aS = ea the 
population variance (c=7) of the SAM SR system is equal to 
the population variance (Ue J) Olt the SAM LR system. 

(b) Alternative Hypothesis. 4H: Ce 7 Cae 
the population variances are not equal. 

(c) Significance Level. A significance 
level of 0.05 was used in testing Ble 

(d) Statistical Test. ie was tested 


against H, using the ratio of the unbiased estimators of the 


two population variances. 


a S100 = Hin oes =). 1973 


ae 14.651 





The null hypothesis will be rejected if the computed ration 


ref 
io e 
ii 
0) 


oie Guide Ulewbabullaved Value or El aHeG 99, 93) 
: ? 3 


or less than ee oe The aaa values are: 
Ee 7S oor! = 1.461 
(pk 99, 99) Se Woon 
Ce) “Decision weolnee the computed ratio F 


is not greater than or less than the tabulated values for 
the F distribution, the null hypothesis cannot be rejected. 
(f£) Conclusion. The samples were drawn 
from populations which had equal variances. | 
Pee NONparametric Evaluation 
The purpose of the nonparametric evaluation is to 
test whether the sample values for the SAM SR system and 


the SAM LR system are from the same population. 
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a. Null Hypothesis 
H,: There is no difference in the number of ASM 
impacts per minute when defending with the SAM LR system or 
with the SAM SR system. 
b. Alternative Hypothesis 
H,: There is a difference. 
ec. Significance Level 
A significance level of 0.05 was used in testing 
ig) - 
(oat tote i. lost 
The Kolmogorov-Smirnov (K-S) two-sample test 


was used to test the null hypothesis. The K-S test requires 


the use of independent samples. Independence was shown in 
Beene. (1) abssvec Tne K-S test 15 conaucted using tne sva- 
Pst ic 


= a = 
K max nb*) G_ oY) 


where a ©.9) is the empirical cumulative distribution func- 
tion for the first set of sample values and G_ oY) is the 
empirical cumulative distribution function for the second. 
The null hypothesis will be rejected if there is 
a large enough deviation between the two sample cumulative 
Seer ributions. The critical values of D for the level of 
freiaticance of 0.05 and 100 observations in each sample is 


Oe 9233. 
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e. Decision 
The computed value of K was determined to be 
0.0800. Since the computed value of K is less than the 
wapulated critical value, the null hypothesis cannot be re- 
jected at the 0.05 level. A plot of the empirical cumula-. 
move distribution functions for the two sets of sample 
values is provided in figure 11. This plot clearly shows 
the close relationship between the two underlying popula- 
tions. 
ie Cone lus lon 
There was no difference in the defensive capa- 
bilities of systems in the environment in which they were 
examined. 
3. General Comments 
The principal anomalies present in the data include 
the following: 
a) a lack of difference in the SAM LR and SAM SR 
effectiveness: 
b) no SAM kills of ASMs; 
€) a ereater number of overkills for the SAN LR; 
qd) the number of SAM failures; and 
e) the short ASM impact interval. 
These anomalies do not significantly detract from the con- 
clusions presented in the parametric and nonparametric eval- 


mec 1Ons. 
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a. Lack of Difference in Effectiveness 
The most probable reason for the lack of differ- 
ence in the effectiveness of the two SAM systems was the 
jamming environment. The reduced detection ranges experi- 
enced in jamming will tend to preclude the use of SAMs at 
the longer ranges available to the SAM LR system. 
b. No SAM Kills of ASMs 
The lack of SAM kills of ASMs was primarily due 
to the geometry of the ASM launch positions and the program 
logic concerning SAM targeting. The program logic requires 
that the closest target be considered as most threatening 
and therefore engaged first. In the problem, the ASM launch 
positions were less than 10 miles from their point of clos- 
SC snc wees pCSGiticns. ~ConsScauentiy, the 
ASMs with their greater speed were closer than the raiders 
to the SAM ships for only the first 30 seconds after their 
launch. After that period, their speed caused them to be at 
a greater range from the SAM ship. Thus the SAM ships had a 
30 second period in which to detect, acquire, ame designate 
an ASM as the most threatening target. The reaction time 
fee ributions for the SAM ships precluded such a short re- 
action time in most cases. 
ec. Overkills 
The eee number of overkills for the 100 mile 
SAM was due to the longer flight time of the SAM. This 


Soupled with a lack of coordination resulted in a greater 


Meportunity for another unit to obtain a kill on the target 


41 





mhile a second SAM was in flight. Targets that had been 
destroyed prior to the scheduled SAM launch time were not 
engaged. 
dad. SAM Faiiures 
The number of SAM failures includes SAMs which 
were fired on the ASMs that impacted on the HVT while the 
SAM was in flight. These attempted engagements occurred 
since the SAM units were not given the capability to deter- 
mine the ASM impact point. 
e. Short ASM Impact Interval 
The tightness of the ASM impact interval may 
appear to be pessimistic in relation to a real world threat. 
However, this should not detract from the comparison of the 


whe eee om SAM ~ ft nen — 
two DdDAm SYStSMS. 
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IV. MODEL INPUTS 


The inputs required to use FADS fail into three groups. 
These are the XK vector, the target list assignments, and the 
target lists themselves. The amount of actual input re- 


quired depends upon the size of tne problem to be analyzed. 


A. THE X-VECTOR 

All X vector inputs are real values and are read into 
the X vector in the following way. Each input card must 
contain six numbers. The first number is the integer address 
in the A vector. This integer Should be placed in columns 
1-10, right justified. The remaining five numbers are the 
mies to be inserted in the five X vector nositions begin- 
ning with the position indicated in columns 1-10 of the input 
Sara. The format for each card with X vector data is 
@ero,orlO.3). If there are no data to be read into a posi- 
mem, No input is required, unless the position falls within 
the scope of another input card. The end of the X vector 
mieucsS 1S Signaled by the inclusion of a zero card. This 
card contains a zero in column ‘10 and zeros in the five data 
positions. A brief overview of the organization of the in- 
put array iS provided below. Details concerning the indi- 
vidual sub-sections are provided at the beginning of each 
sub-section. Specifics dealing with the input values are 
discussed in the description of the particular input value 


and as footnotes to the individual sections. 





ie Tollowimeeis the organization of the input X vector: 


Cl) pom COO), Control switches and program constants 


X¥(101) to X(500), Snip Classes 
X¥(501) to K( 900), SAM Classes 
*¥(901) to X(1200), Radar Classes 


X(1201) to X(1400), Ship Positions 


X(1401) to X(1800), Delay Functions 


X¥(1801) to X(2000), Raid Classes 


X(2001) to X(2200), Raid Weapon Classes 


MezzZOimme te <(2740)5 Initial Rarder Positions. 


i Control Switohes 


These inputs include logic switches for varying the 


general play of the game. They also provide the means for 


@emeaerollines the output in the form of debug and array 


printout switches. Several of the control 
lated to inputs for specific systems which 
Bections and must be consistent with later 
emmrons of this input section are used to 


generating statistics and for internal use 


switches are re- 
appear in later 
usage. Other 
store values for 


by the model. 


These portions should not have inputs since their value will 


be set as required by the model. 


X( ) Inputs 


1 Case number 


ko 


O-= WOOs availability 


Blue force equipment availability switch: 


1 = use input availabilities 


44 





pe) 


GO 


10 


Jia 


12 


13 


Inputs 


Blue force radar detection range printout in 
Event 2: 


Oe=nnO print 

LE obesligie 
PrecurcCooradinacevoneor bie forces: 

O = none 

1 = coordinated defense 


be we Shipeoutlvoreact lon alter’ N hits: 
O = ves 
1 = no 
(N is a ship class input) 


Number of iterations. (Must be at least 1. If 
X(85) used, must be at least 10 and less than 
Oi) 


Horizon Sec corms scan tor Blue fire control radar 
system enabled: 

O no 

1 yes if equipment capable 


Blue SAM Sector enable: 
+ 


N — rtrnnt + 1Se Sec 
wd W4aAnvae vy ae 


InWa 
bw Ne we ee 


i= —SlCt OVS usSeU 


PY econ t rol : 

none : 

selected output tables and intermediate 
debug printouts. Set to O by the model 
Abeer PiVrStuiGera tion, 


it il 


1 


Detectability to detection delay: 


0 = Wee ernie duSstripwelon Lurction 
O.XX = a fraction; time for Raider or ASM to 
move this portion of calculated de- 
Peervilon France. 
ISEED value. Initial seed value used in genera- 
tion of random numbers. Can be up to a seven 


digit number. 


A-array print out switch: 
O = no print 
1 = print out X-array as read in, target 
lists, and target list assignments. 


Random number counter. Set to O by model. 
Maintains running count of random numbers drawn. 





14 


15 


16 


17 


18-19 


20 


22 


23 


24 


20-50 


(91-60) 


ol 
o2 


O3 


Inputs 


Total number of random numbers used. Computed 
by model. 


Converted X-array print out switch: 
O = no print 
1 print out X-array as converted by model. 


Sverre Ss tesnoo cL CONEroO]: 
0 Blue may fire as soon as Red detected. 
1 Blue may only fire after first Red 
missile launch. 


Number of jamming raiders: 


O = no jammers 

J = one jammer 

2 = two jammers, etc. 
Spares 


Altitude in feet above which a raider will be 
considered as being at "high altitude" for pur- 
poses of obtaining a visual agent ii icat ron of a 
non-radiating picket. 


O 
as) 
oy 
3 
ay 

$9 


ee. : e z 
Jeee)ore lo) Jae vi DeGuiche“ of rom (20 ) 


1? 
raider_.launching ASM at a non-radiating picket. 


Probability of "low altitude,'' below X(20) in- 
put, raider launching ASM at non-radiating 
pickets 


Maximum range (nautical miles) at which a raider 
Tse lLoO nome tali 2avrstio ee Tdentitr1catton OL 4 
Blue surface unit. 


Geographical plots: 


QO = no plots required 
fe — prim pion ob Blue pOSiLLPOnNS 
Z)= Dimi wot Oi raider tracks 
So > pitt. bob. plots 
Spares 
(Debug switches - cleared at end of first itera- 


tien a prinweurewill occtr if input value is 1.) 
Siip table. 
Raid table. 


SAM table. 
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o4 
99 
56 
O7 
98 
59 


60 


(61-70) 


61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71-74 


79 


76 


ad 


Inputs 


Random numbers used. 


Subroutine login/logout. 


SAM/ASM engagement, ASM impact, 


ASM @etection data. 


and SAM kill. 


Closest point of approach and IBAT data. 


SAM-ASM Intercept data (angles). 


Store and Get Event Log. 


(Statistics generated 
inp. ) 


‘Ronan 


Tote 


L@w@ase 


Total 


Toe 


@nea 


Total 


Towed 


Towa. 


Total 


Spares 


Number of SAM rounds remaining in Fleet. 


ASM's 
ASM's 
ASM's 
ASM's 


ASM' Ss 


fired for 
failed at 
killed by 
failed in 


adestroyea 


SAM launches. 


SAM failures. 


SAM overkills. 


by the model, ignore for 


all iterations. 
launch. 

SAM's. 

fi Leet. 


Withee raunieh platiormn: 


ASM successfully launched. 


ASM hits. 


nal use by the model. 


Hazard zone radius, 


Inter- 


nm. If predicted intercept 


OfeearPfel Is Wlthim this range of another ship, 
then the firing Ship must hold fire until the 
predicted intercept point has moved beyond this 


range. 


Breakpoint altitude, 


SAM velocities, 


ft, used to select proper 
ranges, 


ame Intercept Contours, 


Piatt wor Lov oAM Contours. 
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ne) Inputs 





78 Sipe pOSsSlLtL ion inputs Bordinate system: 
Cee olar (OO) Truce ¥ vaxis).. 
1 = Cartesian (X = 5; Y= ). 
79-80 Spares 
ol Maer horizon factor C(aeftault value 1.23). 
82 Enea of game time (defawht value 120 min). 
83 Poamnch intervenor  @nesraid, min. 
84 mounch intervaiesitorrali@raids, min. 
85 Number of ship for which the display of hit fre- 


quency and hit interval is desired. Enter 0 if 
analysis is not desired or if the number of 
iterations is less than i0 or greater than 100, 
in which case the histogram can not be generated 
by the model. 

86 incenva| 1Or Mmltial Launeh of Red SSM's, min. 


87 RecCOsgnt con delay, in Minutes, for stationary 
Red raiders. For use when X(10) is not zero. 


88 Number of ships. 
&9 Number of raiders (including Red aircraft which 
are only jammers, those without weapons, and Red 


surface/subsurface units). 


90-100 operes 


ee «6p Class Inputs 
The different types of BLUE ships in the simulation 
are Specified by the ship class inputs. Included under one 
iiecing are all of the ships of a particular class (e.g. 
mG, CG, FFG) which possess Similar weapons and detection 
capabilities. A maximum of 10 different classes may be 
Meea. ohip class 1 is input into X(101) to X(140); ship 


mass 2 into X(141) to X(180); etc. 
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EO) inputs 


101 SAM/SSM battery #1 class* 
102 Sam/SSM battery #2 class 
103 SAM/SSM battery #3 class 
104 SAM/SSM battery #4 class 
105 Search radar #1 class number 
106 search radar #2 class number 
107 search radar #3 class number 
108 Search radar #1 antenna height (ft) 
109 Search radar #2 antenna height (ft) 
110 Search radar #3 antenna height (ft) 
iLaual Fire control radar #1 antenna height (ft) 
112 Bree control radar 72 antenna height (ft) 
11s) Fire control radar #3 antenna height (ft) 
114 Fire control radar #4 antenna height (ft) 
115 Coomommatewon Cabability for this ship class: 
O = none (override) 
1 = coordination X(14) if fleet coordination 
is in use. 
116 Probability of correct identification and desig- 


nation to Weapon Direction Equipment (WDE). 


117 Class of RTDF #2 (detection to ID and designa- 
Prone bOu yi). 


: Enter 1 if the battery has SAM/SSM's where class in- 


puts are listed in X(501) to X(540); enter 2 if SAM/SSM 
mipmts are in X(541) to X(580); etc. 


: Enter 1 if the search radar class inputs for the re- 
spective search radar are contained in X(901) to X(920); 
wimer 2 1f the search radar class inputs are in X(921) to 
mee40); etc. Note that the Fire Control Radar class is 
imisbed with its associated SAM class inputs. 


AQ 





118 
Jeg, 


120 


2 1 


122 


123 


124 


125 


LARS, 


1350 


132-140 


Inputs 
Giizscs OfeRIDF #3 (designation to assign FCS). 
GRaesewOrwnhiDF #5 (firing delay). 


Class of RTDF #7 (decisional delay for horizon/ 
sector scan mode -- used with X(7)). 


Number of hits required to put ship out of action. 


teniteoth battery 2. launcher train angle limits 
(deg. true). 
Rignt SAM battery #1 launcher train angle limits 
(deg. true). 


Left SAM battery #2 launcher train angle limits 
(deg. true). 


Right SAM battery #2 launcher train angle limits 
(deg. true). 


Left SAM battery #73 launcher train angle limits 
(deg. true). 


Right SAM batterv #3 launcher train angle limits 
(deg. true). 


Left SAM battery #4 launcher train angle limits 
Gime rWe ) 


Right SAM battery #4 launcher train angle limits 
Caeoemuriue ), 


Ability to determine target at which an ASM has 
been fired: 

O = No 

1 = Yes 


Designation for non-radiating picket units using 
DrStaume scadar : 

O = No; unit will be targeted using only the 
nommal “Vareer list algorithm. 

1 = Yes; unit will be targeted using both 
thesionriivuwebargem li st aleorithm and the 
additional algorithm for non-radiating 
pickets. 

If some bistatic units are to be used in the 
main force, a separate ship class must be en- 
tered for them. 


Spares 





X¢ ) Inputs 


141-180 ~° Ship class 2 
181-220 Ship class 3 
221-260 Ship class 4 
261-300 Slip class 5 
301-340 Ship class 6 
341-380 Ship class 7 
381-420 Ship class 8 
421-460 Ship class 9 
461-500 oarp class 20 


3. SAM/SSM Class Inputs 


These inputs specify the BLUE SAM/SSM system capa- 
bilities in terms of missile flight characteristics, fire 
fomrol radar ciass, salvo firing doctrine, missiie relia- 
bilities and kill boat AREIa TOS. A maximum of 10 different 


SAM/SSM classes may be input. SAM/SSM class 1 is input 


into X(501) to X(540); SAM/SSM class 2 into X(541) to X( 580); 


etc. 

me Inputs 
501 Max range, nm, against "high" altitude target. 
002 Average speed, knots, for expected intercept 


range against "high" altitude target (converted 
by the model to nm/min). 





5930 ae,  peeeh' altitude wore” 

504 Baits eaeh™ harcet® 

905 Neeeeeou (ere target 

506 SLOPE against "high" meee eur 

507 Simeon, wom “hagh? target” 

508 Max range, nm against "low" altitude target 
509 Average speed, knots, against "low" altitude 


target (converted by the model to nm/min). 


onl O ee finmemeacainst a "low" target 

aL -B, nm, against a "low" target 

eZ N, for "low" target 

a3 SLOPE for "low" target 

514 SEEK, nm, for "low" target 

gio Minimum range, nm 

516 Maximum altitude, ft 

oy Number of Fire Control Radar (Heh) channels or 


FCR Type 1. (O=missile not requiring a dedi- 
cated fire control system. ) 


ails: Class of FCR - Type 1 
519 Number of FCR channels for FCR Type 2 
520 Class of FCR -— Type 2 
021 Number of Ch channels for FCR Type 3 
o22 Class of FCR - Type 3 

3 


The definitions of A, B, N, SLOPE, and SEEK are con- 
tained in the description of subroutine TIMMY in Appendix B. 


o2 





O23 


O24 
O25 


O26 


O27 
928 
O29 


530 


O33 
0934-535 


036 


O37 


538-540 
541-580 


081-620 


861-900 


Inputs 
NGEaezon Sector Sean Capability tor Lire control 
radars: 
O = No (used when X(7) set) 
1 = Yes 
input as XXX = unit digit FCR Type 1 
ten digit FCR Type 2 
hundred digit FCR Type 3 
Number of SAM's per salvo 
Launch cycle time, min 


Probability that launcher is available (used 
only when X(2) is set to 1). 


Magazine size 

spare 

Probability of single-shot kill 

system reliability 

Reliability (launch, guidance, and fuse) 

Te tiolesuidance Line, min (il aay sev to 0). 
Kill assessment time, min 

Spares 

Flag for Blue surface to since PEE missiles: 


0 SAM 
iL SSM 


ou 


Single shot kill probability for a crossing tar- 
get 


Spares 
SAM Class 2 


sam Class 3 


SAM Class 10 





4. Radar Class Inputs 
Seanecnmandetaresconvrol radars, for both BLUE .an@ RED 


units are specified in this section of the inputs. sbsearch 
radars classes are related to the ship class and raid class 
inputs. The fire control radars are used with the appro- 
priate SAM/SSM class inputs although their antenna heights 
mee CcONntained in the ship class inputs. The radars are 
specified on the basis of their detection capabilities, beam 
widths, side-lobes, radar frequency, and delay functions. 

jeep ne case of a bistatic radar, the location and antenna 
height of the transmitter must also be specified. A maximum 
fieto radar classes may be included. Radar class 1 is input 


mmrors(901) to X(S20); radar class 2 in X(921) to K(940); 


CUc. 

x) Inputs 

901 Radar Type: 

O = Bistatic 
1 = Monostatic 
al 

902 8, detection range in clear environment, nm/m°* 
(see Appendix C). ; 

903 a, detection,range with standoff jamming of 
lw/mhz, nm/m?’ (see Appendix C). 

904 Side-lobe ratio. Number of db that average 
side-lobe is below main beam. Enter as a nega- 
tive number. Converted by model to side-lobe 
Co-Milcitieoniemor USe in Obtaining jamming effects. 

905 Maximum instrumented range, nm. 

906 Class of reaction time distribution function: 


Detectability-to-detection for search radars. 
iGo assmenmed fomacduisitionstor fire control 
radars. 


o4 





Se. 
907 


908 


909 
910 


Ort 


O12 


913 


14-916 


917 


918 


919-920 


921-940 


1181-1200 


2). 


Inputs 


Radar frequency band index. 1, 2, 3, or 4. 
Used with jamming to provide for frequency dif- 
ferences in various radars. 


Ciitecowotu reaction Lime Gistributron tunmerron Lor 
jioGwe Contbol radars - 
Detectability to detection delay in horizon/ 
sector scan mode. 
bilankeioOreceatcecnieradars. 
Max Director assignment range for FCR, nm. 


Spare 


Radar beam width in degrees. (Converted to one- 
half beam width in radians by the model. ) 


Spare 


Probability radar is fully operable. (Used when 
MCZ mesSet.) 


Spares 

Ship number of bistatic transmitter. Used only 
hee Distaetlem@idars. welt transmitter 1s not 
located one Ship, a dummy Ship must be input at 
the appropriate geographical location of the 

Pea iSiter eel. 


Bistatic transmitter antenna height in feet. 
Usedwonmlye with brstatic radars. 


Spares 


haGdat elves 7 


Radar Chase 15 


Ship Position Inputs 


BLUE ship positions are input by specifying the 


fetes Of a Ship that is at a given location. The position 


may be entered as the range and bearing from force center or 


Mees and Y coordinates in nautical miles. Tie. 201M Must oe 





the same for all ships and is dependent on the value of 
mero). The left and right firing bearing for the ships must 
also be specified if firing sectors are used. Lime missot 
some ships with firing sectors and others without is used, 
X(8) should be set to 1 and appropriate bearings entered for 
all ships. Ships which are not limited should be assigned a 
iene bearing of OOO and a right bearing of 359.99. A maxi- 
mumeot 40 ships may be used. Ship 1 is input into X(1201) 


momen 205): ship 2 in X(1206) to K(1210); etc. 


a ) Dapat s 
eZ OL Ship class number. 
mZO02 If X(78) = 0, circle in nautical miles 
= 1, X coordinate in nm 
£203 If X(78) = 0, bearing from forces center in 
degrees true 
= 1, Y coordinate in nm 
1204 Left sector limit, degrees true, use if X(8) = l. 
1205 Right sector limit, degrees true, use if K(8)= 1. 


In assigning sector limits to ships with no 
limitations, put 000 in X(1204) and 359.99 in 
Poe OD.) . 


1206-1210 Ship number 2 


1396-1400 Ship number 40 


6. Reaction Time Distribution Function Inputs 
Tiescsiuipu us pGOvwIde appropriate delays, in minutes, 
for processing events during the simulation. A detailed 
Mesceription of the functions together with an example is 


contained in Appendix B under subroutine REACT. There are 
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seven events which may be specified by up to five aifferent 
classes of delay functions for each event. The reaction 
ime rtions 2, 3, 9, and 7 are related to ship class inputs. 


Functions 1, 4, and 6 are used with radar class inputs. 


#1: DPetectabiilaty to Detection (5 classes) 

mae) Inputs 

1401 Delay in minutes for 0.1 cumulative probability. 
1402 Delay in minutes for 0.2 cumulative probability. 
1403 Delay in minutes for 0.3 cumulative probability. 
1404 Delay in minutes for 0.4 cumulative probability. 
1405 pelay Tretia nibesatoOr sO. So CcuMmulAaTIVe probability. 
1406 Delay in sminuces for 0.6 cumulative probability. 
1407 Delay in minutes for 0.7 cumulative probability. 
1468 Delay in minutes for 0.85 cumulative provability. 
1409 Delay in minutes for 0.9 cumulative probability. 
1410 Delay in minutes for 1.90 cumulative probability. 


1411-1420 COLA SS 74 Tose © PU by aal 


1441-1450 Class 5 of RTDFL 


#2: Detection to ID and Designation to Weapons Direc- 
tion Equipment (5 classes) 


1451-1460 Class 1 Olen LD? 


1491-1500 Class 5 of RTDF2 


O7 





#3: 


1501-1510 


1541-1550 
#4: 


faol—-1560 


1591-1600 
#5: 


1601-1610 


1651-1660 


1691-1700 


#7 


1701-1710 


1741-1750 


1751-1800 


inputs 


[ipeancd Designauron to Fire Control System, (FCS) 
Assignment (5 classes) 


Gis eomie ot REDES 


Claace 5: Ota TES 
FCS Assigned to Acquisition (5 classes) 


Class iol RIpr4 


Class 5 of RTDF4 
FCS Acquire to Fire (5 classes) 


Class 1 of RUDES 


UC IeS 3. ot RIDES 


- 


Detectability to Detection for Fire Control Radar 
MimiorizOly wee Om wmecan MOde (S Classes ) 


Class 17ot RIDEG 


Class 5 of RTDF6 


Decisional Delay for Horizon/Sector Scan Mode 
(5 classes) 


Giiass = .of. RUDE 7 


Giese 5 tof “RT DEZ 


Spares 
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fee hale lass. Inputs 
Raid classes are used to eevee the launch plat- 
forms for the RED ASM/SSM and standoff jammers. The launch 
Poatiorms can be aircraft or surface units. Submarines are 
required to be on the surface for launch and are input as a 
surface unit. The raid classes contain the offensive capa- 
bility of the RED units in terms of weapons carried, radar 
class, jamming ability, and speed. The inputs also specifv 
the radar cross section of the raider and the number of hits 
to put it out of action. A maximum of 10 classes may be in- 
Date Rald class 1 is contained in X(1801) to X(1820); raid 


mass 2 1n AC1821) to X(1840); etc. 


mC) Inputs 
1801 Spare 
1802 Number of hits to put out of action, always 1 
for aircraft. Must be whole number. 
1803 Number of first type weapons carried. 
1804 Class of first type weapon. 
1805 Number of second type weapons carried. 
1806 Class of second type of weapon. 
1807 Radar class number. 
1808 Salvo switch (surface and subsurface only) 
O = 1 missile per salvo 
1 = 2 missiles per salvo 
1809 Launch cycle time for salvo, minutes for surface/ 
Sound bs eOndey. 
1810 Jamming power, w/MHz on band 1. 
1811 Jamming power, w/MHz on band 2. 
1812 Jamming power, w/MHz on band 3. 
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2A ) Inputs 
1813 Jamming power, w/MHz on band 4. 





1814 Raid speed, knots (converted by the model to 
Vegi cae i aly 

S15 Raid radar cross section, meters squared. 

1816 Fourth root of raid radar cross section (computed 


by the model). 


es 7 Jammer beam width in degrees. (Converted to 
one-half beam width in radians by the model. ) 


1818 Jammer side-lobe ratio. Number of db that aver- 
age Side-lobe is below main beam. Enter as 
negative number. (Converted by model to side- 
lobe ccefficient for use in obtaining jamming 
effects. ) 

1819-1820 Spares 


1821-1840 Raid Class 2 


1981-2000 Raid Class 10 


8. Raid Weapon Class Inputs 
The raid weapon classes specify the types of ASM/SSM 
Seb necir flight characteristics, reliabilities, and radar 
cross section. A total of 20 different classes a be used. 
Weapon class 1 is input in X(2001) to X(2010); weapon class 


Pa 52011) to X(2020); etc. 


mC) Inputs 

2001 ASM/SSM speed, knots (converted by the model to 
itn mae). 

2002 ASM/SSM flight altitude, ft. 
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X ( ) Inputs 


2003 Launch range’ 

2004 Reliability (Claunch and initial guidance). 

2005 inf Pient reliability (1ncluding homing and fus= 
Ine). 

2006 Radar cross-section, meters squared. 


2007-2008 Spares 


2009 Weapon horizon, nm (computed by model). 
210 HOourth FOOt tOleinader eross section (computed by 
model). 


2011-2020 Weapon Class 2 


2192-2200 Weapon Class 20 


9, Raid Position Inputs 
These inputs contain the location, course, and alti- 
tude of an individual launch platform. if the raider has a 
jammer, the jammer target is also specified. A maximum of 
Poeraidgers is permitted. Raid 1 is input in X(2201) to 


meeedo); raid 2 in X(2207) to X(2212); etc. 


mC) Inputs 

2201 Ramdme lasseimimbecies( 1) 2ousEt Cs.) 

2202 Range, nm (from (0,0)). 

2203 Bearing, degrees true (from (0,0)). 
4 


Launch Range iS measured from the position (0,0). The 
user must consider this fact when dealing with dispersed 
formations and multiple target list. The distance of the 
intended launch point from force center is the proper input, 
Meee che range of the launch point from the primary target. 
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X% ( ) Inputs 


2204 Altitude, feet (less than 50 feet for surface/ 
Siosuriace units). 


EZUO Course, degrees true. 

2206 Jammer's jamming target: 
O = no jam capability 
N = ship number of jamming target 
999 = force center (0,0) 


B20f—2212 Raid number 2 


2734-2740 Raid number 90 


B. THE TARGET LIST ASSIGNMENTS 

The target list assignments are read in immediately fol- 
lowing the zero card indicating the end of the X vector 
inputs. Each RED raider must be assigned a target list, 
even if the raider carries no weapons. If the raider car- 
fmes no weapons the target list information is not used, but 
the input logic requires that some number be entered. There 
must be a total of three cards which are to be dimensioned 
Sere. The first cent raiders are entered with card one, 
the second thirty raiders on two, etc. For example, if the 
wemubration has four RED aircraft, column 2 card 1 would con- 
tain the number of Emeyvareet, last for raider number 1; 
eememn 4 card 1 that for aircraft number 2; etc. Columns 9 
through 60 on the first card, and 1 through 60 on the next 


two cards could contain any integers desired, usually OO. 





C. THE TARGET LISTS 

The cards that input the target lists follow immediately 
after the three cards described above. The values to be 
read in are stored in the array PLIST. This iz a (40,6) 
femay im which the columns are the target lists. The array 
allows for up to 40 individual targets and six separate 
listings of targets. The target list is identified by its 
column number, and it is this number that was entered in 
fierct. The PLIST cards follow immediately after the three 
input cards for NRTGT mentioned above. The format for the 
Eieol cards is 10F8.4. The column entries are the total 
probability of targeting all ships up to and including the 


target ship in the given row. AS an example, in the case ot 


een ome meee UN Shame the PLIST err, 


td 





i 2 3 A. s) 6 
i 5 dl OW AAS O O QO 
2 ~42 UPA) D0 O O O 
3 62 0) To) O O O 
4 82 ee: eae O O O 
o LO 0) Le) O O O 
6 O O O O QO O 


The raiders that have been assigned target dist 1 would have 
a probability of .12 of firing a missile at ship 1 each time 
merrres. It would have a probability of .3 of firing at 
moe 2, and .20 of firing at ship 3. A raider firing a 
missile with target list 2 would have a probability of 0.0 
Seeetaring at ship 1 and .25 of firing at any of the other 


meur. A raider with list 3 would have a .25 probability of 
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meme at Ship 1, 2 .25 probability of firing at ship 2, and 
feo probability of firing at ship 4. 

The input cards for the PLIST array would be structured 
memtiaollows. Card one would contain .12 in columns 1-8, .42 
meg—-16, .62 in 17-24, .82 in:25-32, 1.0 in 33-40, and zeros 
throughout the remainder. Cards two, three, and four would 
Beimeain Zeros. Since card five starts list two, it is filled 
Out in the same manner as card one, with, in this case, 
cards 6, 7, and 8 containing zeros. Since there are only 
five ships and three lists, the last card required for this 
maewould be card 9. If the full 40 ships and six target 
lists were being used, a total of twenty-four cards would be 


Pourred CO input the target lists. 





V. MODEL OUTPUT 


The model produces three types of output. The types are 
standard, special displays, and debugging. For debugging, 
there are a number of switches in the control section of the 
inputs which may be set to provide intermediary values dur- 
ing the iteration. The special displays provide one time 
outputs of geographical plots, histograms, and selected 
tables. The standard output occurs at the end of each itera- 
tion and contains an abbreviated battle history along with 


statistical data concerning the engagement. 


fae SLANDARD OUTPUT 


The standard outnut consists of the ASM table 


3 


ASM-RAID table, and statistics regarding hits, detections, 
and opportunities to engage. The contents of the tables are 
given below. The actual format of this output is provided 
in the tables of representative output at the end of this 
section. 
m Ihe ASM Table 
Column 1 ASM/SSM number. This number identifies 
the ASM/SSM by target number. The order 
in which the missiles were launched or 
destroyed can be determined by subtracting 
SO from the target number. 
Column, 2 Status code. This code indicates the 
disposition of the missile. The code is 
as follows: 


Ceetinmoc tle wr an led On wlauncn. 


1 missile was in flight. 





Column 


Column 


Colurnn 
Column 


Column 
Column 
Column 


The 


5 


2) 


2 missile was destroyed by SAM. The 
SAM-ASM-RAID table will indicate which 
missile ship was responsible. 


missile failed in flight. 


co 


4 missile flight successful, missile 


Mire Lead. Onebareet, Sil. 
5 missile destroved when raider destroyed. 
Time of impaeét. This will be the time the 
missile impacted, or would have impacted, 


unless it was lost when raider was de- 
stroyed. In this case it will be 0.0. 


Launeh raid. 

Target ship. Target ship number unless 
the missile was lost with raider destruc- 
pskovor 

Launch time. The time of missile launch 
unless lost when raider destroyed. In 
this case it is the time of loss. 
Wepponmelascs.™ Ii sllost with. raid, 0.0. 


NBecoeeatia.e au launch. 


NTCcOoOnh@miace at launch. 


SAM-ASM-RAID Table 


Column 


Column 


Column 


Column 


Column 


1 


qn 


Target number. Targets 1 through 90 are 
raiders, 91 through 190 are missiles. 


Launcher. The launcher code AAB, where AA 
is the ship number and B is the launcher. 


Channel. The director-channel code AB 
where A is the director number and B is 
the channel number. 

Time or auneh. Time of BLUE missile 
launch. 


Kill code. The code is as follows: a 
negative number, an overkill, the number 
indicating the number of missiles in the 
Salvo; a zero, a missile failure or system 
Support failure; a positive number, a 
kill, the value indicating the number of 
missiles in the salvo. 
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Column 6 Time channel free. The game time that 
this launcher-channel combination will be 
available for re-engagement or reassign- 
ment. 

Peeeotatistical Output 
Cie sOlPoUenlOrimieol “thew StLAatiStics for Gach iteration 
are underlined. The definitions of the terms used follow 
each form. 

The ships took ''H" hits: The total number of hits 

(H) sustained by the BLUE force. 

Osa one 4 seencent) failed at launch. 

X: total number of ASM/SSM that survived to launch. 

Y: of X, the number that failed on launch. : 

Pa Ns Oe 

Of launched ASM, "W"' ("'P" percent) were killed by 

Pio Cw omecnu erat bod inet tiehe. 

Launched ASM; from above, X-Y. 

W: the number of RED SSM/ASM shot down. 

P: W/Launched ASM. 

Q: the number of RED SSM/ASM that failed in flight. | 

R: Q/Launched ASM. 

Oigvoval Aciiswavallable “Ie ("Se percent ) were 

destroyed when mother killed by SAMs. 

TOtal ASMs: All SSM/ASM carried by engageable raid- 

ers or raiders that reach a launch 
position. 


fe lncEmunbermet hE Ao SS lost when raider de- 
stroyed. 


J: I/Total available. 
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Ob eooiicewere launchedsot which s&s (UE percené ) 
fated Andean tT ampercene) were overkills. 


D: Total BLUE SSM/SAM launched. 


E: Number of SAM/SSM evaluated as failure at inter- 
cept or system support. 


ie Ae 


G: Overkills. Overkill occurs when the target does 
not survive to the SAM intercept point due to 
being shot down. If the target is a missile and 
the RED missile réaches its target prior to 
intercept, this intercept is scored as a failure 
and not an overkill. 


H: G/D. 
ihe sotpestatistaes ftorreach iteration are printed 
in a table labeled SHIP STATS. The format is as follows: 


Co uum 1 Ship number . 


Column 2 Chances to engage. The number of RED tar- 
gets that will enter this ship's missile 
envelope. 


Column 3 Number of engagements. The number of 
actual missile intercept evaluations. 


Column 4 Number of targets killed. 
Bombers detectable. Of those.targets 


that will enter the ship's missile enve- 
lope, the number that are raiders. 


on 


Column 


Column 6 Bombers detected. Of the raiders detect- 
able, those detected. 


Column 7 ASM's detectable. Those ASM/SSM that 
will enter the ship's missile envelope. 


Column 8 ASM's detected. 

The following additional statistics are provided 
fou the SHIP STATS table: 

Average detection range: The average detection 


range of each ship on those targets that 
entered its missile envelope. 
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Poe oNemvenbeuiiiwed Onuboy the fleet. xX is the num- 
ber of ASM/SSM that were engaged by one 
er more BLUE units. 

"X" Bombers were fired on bv the fleet. X is the 
number of RED raiders that were engaged 
by one or more BLUE units. 


Po ied a ae niemmumMocr TOletoMyooN that were fits 
engaged by each ship. 


Bombers fired at. The number of RED raiders that 
were first engaged by each ship. 


A table of the frequency of hits received by ships 
is printed at the end of the run. This table displays a 
Sesctribution of the hit frequency over all ships for all 
mas. it constitutes a histogram of hit frequencies for all 


BLUE units. 


B. SPECIAL DISPLAY SWITCHES 

The below listed switches wili provide the indicated 
emrpuLr if set to one or the specified value. Setting X(2) 
mont Will provide the equipment availability status for each 
iteration. The remaining switches provide a one-time output 
mora run. 


Pt 2 ) Indicates equipment availability check desired. 
Prints out each ship number and equipment status. 


X(24 ) Plot of BLUE unit positions using DISPL if set 
TO <i, 


Pil@igeo: Yraiger tracks and launch points using 
Re DiSwmeee Set lOc. 


Both plots are provided if set to 3. 
X(51) PrintS the oHEP table atwmehe end of the first 
Peer ittOn we lien table 1smeetructured as follows: 


(see Table IV) 


Column 2 Ship number. 
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X(52) 


Column 


Column 


Column 


Column 


Column 


Column 


Ship class number. 

Ship's X coordinate. 

Shap Ss ¥ coordinate. 

Hits to sink. The number of RED 
SSM/ASM missile hits to put out of 


action. 


Class address. The ship ciass start- 
ing index in the X array. 


sunk 
operating normally. 


Up/down. 0 
1 


Prints the RAID table at the end of the first 


iteration in the following form: (see Table IV) 
Column 7 RAIDER The raid number, i-S30O. 
Column 2 CLASS The class starting index in 


Column 


Column 


Column 


Column 


Column 


Column 


Column 


the X array. 


TIMER (R) The time the raider was at 
the position indicated in 
columns 4 and 4. 


XR Mie tarder's x position at 
the time specified in 
Column 3; 

Nass Theseatder Ss Y (position at 


the time specified in 
Colhuimn 233 


XEOG The X position of the 
raider at the time speci- 
fied as the end of the game. 


YEOG The Y position at the end 
of the game. 

XL The raider X position at 
icwicstetaunen tame. If 


the raider has no missiles, 
Or cannot reach a launch 
-poSition, the end of game 
position will also be indi- 
cated here. 


vee The raider Y position at 
Mae ee peeainel. 
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X(53) 


Column 


Column 


Coilinn 


Column 


Column 


Prints the 
iHeta t1on. 
(see Table 


Go lun 


Column 


Column 


Column 


1.0 


JIL 


12 


WS) 


14 


1 


a2 


ALT 


HORZ 


WEP-CLASS 


WEPS 


UP/DOWN 


Nneweatoe: A211 tuce wa teet . 
If 50 feet or below, the 
raider is considered a sur- 
face or subsurface unit. 


The #aider radar horizon 
in miles. 


Thiewelass, numoer Ou “nine 
raider's longest range 
ASM/SSM. 


The total number of weapons 
Carried by the raider. 


The status of the raider 
at the end of the game. 
O shot down or sunk 
1 Speratving sno rmoeky - 


SAM table at the end of the first 
The table is organized as follows: 


Wy 

SAM 

SAM CLASS 
INDEX 
SHIP 
NUMBER 


SAM LEFT 


CH1 FREE 


Pee salvo number. 


The SAM tyne class number 
for the SAM/SSM in this 
BLUE miss-le salvo. 


The firing ship. 


The number of SAM/SSM re- 
maining in the battery's 
magazine after this salvo 
was fired. 


This is the time that chan- 
held tOl whe tire control 
radar used in this inter- 
cept will be free for re- 
engagement or reassignment. 
If the missile requires 
director stiilumination 
throughout missile flight, 
Or the missile is totally 
independent of the direc- 
Gore this is an indicatwon 
of system availability. 





Columns 6-10 Channel availability times 
for systems employing a 
time sharing system of 
homing. 


Column 11 SALVO The MuMmber Of missiles in 
inne Salven 


mCSD ) If the number of iterations is between 10 and 
LOO, primes ea Nist@cram oLwnat trequency and 
ASM/SSM arrival interval for the BLUE ship who's 
number has been entered. 
ee tHE DEBUGGING SWITCHES 

mitemachusereing switches, X=3,9,12,15,54,55,56,57,58, 59, 
60, are set by assigning a value of 1 to the specified loca- 
tion in the X-array. These switches are subroutine related 
and will provide the indicated output whenever the program 
cycles through the appropriate portion of the subroutine. 
Mmereronce chould be made to the descrintion of the subroutines 
in Appendix B when using the debugging switches. 

In the below format, the debug switch which must be set 
to 1 is listed and is followed by the subroutine name with 
meseassociated output. The output is in the form as it ap- 
Meats in the computer printout. The parenthesis indicate 
the location of the intermediary values. 

K—3 

SUBE1 Detection range by Ship ( ) on raider ( ) 
Viti dar (ain Clear. jamming, and 
horizon limited environments. 


Reaerton time delays tor raid ( ) by Ship ( ). 


bestatiec radar gain and ose contact times 
Oliwealcewates) by ship ( ). 


U2 





X-12 


SUBE2 


PRIOR 


TIMMY 


MAIN 


ASM/SSM failed cn launch. 


Detection range by ship ( ) on ASM/SSM ( ) 
Wepmecearoeh radar ( ) im clear, jamming, 
andemorazon limited environments. 


No detection due to reaction time delay. 


Detection range on ASM/SSM by ship ( ) on 
missile (sje wath systeme( +) fare control 
radar ( ) in clear, jamming, and horizon 
limited cases. Jamming range of 999. indi- 
cates no jamming. 


BKarliest search radar detection time and 
CaArliest tare control radar detection time 


Care): 


When missile launch time will exceed the 
launch interval set by the user, the launch 
does not take place. Output is: bomber ( ) 
could not fire as launch time was ( ) and 
all ASM's had to be launched by ( )}. 


UVa oboe ) TAYeect (yi reason, ( ~). 


EV 3 SAM ( ) battery ( ) channel ( ). 
PReeniwaepue data-input channel ( ) output 
channel ( ) battery number ( ) input target 
yyOulmone tarzet.(-): 

[iwetwee OU eden eaieeh. JLaringe Ship, fprang 
Sie pOSitton, intercept position, number of 
facing zones, left and right bearings of the 
fiGfine zones, launch bearing of SAM. 


aeretl, itm ns Ship, indicator flag, reason. 


Cie iidmeerarray as read into the computer. 
The target lists as read into the computer. 


The target list assignments as read into 
the computer. 


V3 





X-15 
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MAIN The X-array as converted by the program. 
X-54 

MAIN Prints out all random numbers used in the 
first iteration, in the order they were 
used. 

X-95 Provides the computer time that the program 

Giger seid sheaves mene sheCls Tea Subroutine. 

EFFECT Login, logout 

JULIE bOoltinie LOsouLr 

EVENT Login, logout 

GETEV Login, logout 

STOREV Poot. eceut 

REMOVE Login, logout 

TMDASM Roce | OCCULT 

TMDBOM Login, logout 

SUBEL Login, logout 

SUBE2 Login, logout 

SUBES Login, logout 

SUBE4 Login, logout 

SUBE5 Logan,  Lozout 

SUBE6 Login, logout 

BOCT Ih Login, logout 

PRIOR Bogin, Logout 

TIMMY — Login, logout 

RCHECK Login, logout 

J AMM Login, logout 

BIDET Login, logout 





SUBE4 EV 4 ASM ( ) ship ( ) ASM status ( ) hits 
Oe Lio .) abe ns)” 


SUBES BVieoebarceer numeer () fining esirp (> 

lannehner ( Jesalvo number 4 }> times ( -). 
K-O7 

SUBEL Detection ranges by ship ( ) on raider ( ) 
Wilh ewe mia uric we Oleh ola dal be Li 
Crear, wenmine sand Morizon Jamitec cases. 
Raider@@ ) surface or Ssuomarine unit, ship 
( ) has no SSM. 
Debection ranees on raider {( ) by ship ¢€ )} 
in horizon search mode. 

SUBE2 Reaction time delays. 


Detection ranges in horizon search mode of 
ASM/SSM ( ) by ship ( ) in clear, jamming, 
ang NorizZon limited cases. 


TMDASM NO Engagement po 
Ship (¢ ) Seveeae 
ASM/SSM ( ). 


rt Pm) 
wo ta 


IAL 


WA 
ecee , it 
Pini 


( 
No engagement vossible; raider ( ) Ship ( ). 


Engagement data —- time entering and time 
leaving a given range from ship ( ). 


X-58 
JULIE Number of SAM/SSM in each battery. 


SUBE2 VETS Une NONOs lable Atiter each raider's 
revo or@lel exige Ise 


NONO table codes are contained in the de- 
Seu piten OousoUDbn2 tae Appendix Bb. 


SUBES Horesalyore.) results (©). 


(es 





X-59 


TIMMY 


X-60 
JULIE 
EVENT 


STOREV 


Crecsimeeteiwmet data: target, figine shan, 
angle between target flight path and line 
of sight at launch, angle between SAM/SSM 
machi path and tAaroect mirehitepath, angle 
between SAM/SSM flight path and line of 

Sight at launch, terget position at launch, 
GSINE, range to target at launch. | 


The events Jist at start of the iteration. 
The event retrieved. 
The event stored. 


The event lost. 
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VI. CONCLUSIONS 


The use of bistatic search radars is not a new concept. 
FADS provides a method of evaluating their potential useful- 
ness to the Navy. As demonstrated in the sample problem, 
FADS also has many applications in weapons systems analysis 
and the analysis of tactics. 

The model was structured aoe the lines of the FLOATS 
model in use at the Johns Hopkins University Applied Physics 
maporatory. The additional capabilities introduced by FADS 
should provide a basis for a more realistic view of the 
present day and future tactical environments. The employ- 
ment of decoys, dispersed formations, and passive missile 
traps are but a few of the ways in which FADS might be uti- 
lized. 

fasvuly, the model 1s ideal for use in an advanced war 
gaming course. The model is Pon ere Dit the simulation was 
written with ease of reading in mind. With rewriting the 
core requirements might be reduced, but, in its present forn, 
FADS is eaSily read and understood, and it could be disected 


by the interested student with ease. 
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APPENDIX A 


BISTATIC RADAR SYSTEMS 


Although the bistatic radar system was described in the 
introduction as a radar system in which the transmitter and 
the receiver are not collocated it is necessary to point out 
that the separation between the transmitter and the receiver 
should. be comparable to the target distance, that is, on the 
order of several nautical miles as opposed to several feet. 
The assumed bistatic system is to provide detection and lo- 
@etton information similar to that obtained with current 
Search radar systems. It should in essence provide the 
user with what would be on a plan position indicator (PPI) 
scope. No provision is assumed for height finding capabil- 
ity. The basic difference between the target geometry for 
monostatic and the bistatic radar systems is shown in figure 


mi. 
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tne bastatic radar Concept is not a recent development, 
although the technology required to bring the system up to 
the capabilities described above is. The bastatic concept 
maedates the monostatic radar in thet the development of the 
radar duplexer was required in order to convert the original 
Mise tatic radar to a monostatic system. Sholnik [{Ref. 10, 
meeooo}] states: 


itececrne Disabil c radar) seminciple was known 
and demonstrated many years before the development 
mimOractiecal monostatic radar. ...the first “radar" 
observations in both the United States and in 
Great Britain were made with separated CW trans- 
mitters and receivers. These early radars were 
Known as wave-interference equipment but were the 
same as what would now be called bistatic radar. 
Taylor and Young of the Naval Research Laboratory 
first demonstrated bistatic radar for the detection 
of ships in 1922. Their work was disclosed ina 
patent issued in 1934. The early experiments with 
wave-interference (Chistatic) radar led to the de- 
velopment of monostatic radar in the late 1930s in 
both this country and abroad. Further development 
was put aside after the demonstration of the more 
versatile monostatic-radar principle. Bistatic 
radar lay dormant for about fifteen years until it 
was "reinvented" in the early 1950s and received 
new interest. 


Current interest is conceivably motivated by considerations 
of electromagnetic counter-measures, defense against anti- 
radiation missiles, and deception roles. 

One method for target location with a bistatic system 
requires knowledge of the distance from the transmitter to 
the target, CRY), and to the receiver (Ri); the horizontal 
angle between the base line (a line from the receiver to the 
transmitter) and the target bearing, and the elevation angle 
from the receiver to the target. However, in the simula- 


tion problem it is not necessary to determine a target's 
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location since the target's position at any time is a func- 
tion of the input parameters. It is only necessary to de- 
termine if the target is detectable and, given that it is, 
determine where along the target's track an a aidua | eae 
is able to detect the target. 

Detection occurs when the reflected power at the re- 
ceiver iS greater than the detection threshold of the re- 
ceiver for a given probability of detection. The radar 
mamee equation for the bistatic radar is identical to the 
well known monostatic range equation except that the power 
received varies inversely with the product of RORI. Addi- 
tionally the two-way propagation losses differ since the 
path of the reflected signal is not the same as that of the 
transmitted signal. The range equation can be readily 
written in terms of the constants for the radar system, the 
variables Ro: R. and the target's radar cross section. 

For comparison purposes both the monostatic and the bi- 
ect LC fe tection range equations are given below: 


P.G*d*%o 
+ — ye a) a 
Monostatic i (40) 7L2L oR 


2 
P,G,GA O 


BuSTeee ES ey em ean nae 
p p Ss ee 


where: 
R aerance COubLaneet |(MOnOStat 1c ) 
ne ello LOMeamiimealitneeh et On careet (bistatic ) 
Ro. —wicaniee trOmereeemyer to target (bistatic) 
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Pp. = power of transmitter 

es " = power received at the receiver 

G = gain of monostatic antenna 

G, = fain Of Distatic transmitter wntenna 

G.. = gain of bistatic receiver antenna 

r = radar wavelength 

fe) = target's radar cross section (See below for dis- 

Gueslon Ob DIStabcic agndemonostatic approximatien } 

Ly, = one way propagation losses for monostatic 

merc) = propagation losses from transmitter to target 

y (biStatie ) 

L (r) = propagation losses from target to receiver (bi- 
Pp Static.) 

Li = system losses 


By defining Pp... as the minimum power required by the re- 
ceiver in Meee eoptain acl ven probability Ol detection 
with typical propagation and system losses ange Dy sonOU Dine 
constants of the radar system, the above equations can be 
Semmplified to read: R= Bo4 and ROR. = Bacmwhere f- 1s the 
range at which a particular radar system can detect a one 
square meter target in a non-jamming environment. Values of 
peebor current U.S. Navy radars are listed in Ref. 9. 

When standoff electronic noise jamming is present, the 
range equations are defined in a Similar manner: 


PiGo 
3 . 4 0 Gea SSS 
Monostatic: Rt 4iB (S/J)EIP 


dh 


‘1. 


t 


ak 
Ps PG, Gro 
ee i 7B (S/T)rIP 
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where: 


Rot = burn through range monostatic 

B. = receiver band width 

S/J = signal-to-jamming ratio (includes propagation 
losses ) 

tJP = sum of jamming power arriving at the receiver 


The jamming level from an individual jammer is obtained 
by multiplying the power of the jammer by the appropriate 
coefficient for the geometry of the radar and Jammer main to 
Sside-lobe ratios and dividing by the square of the distances 
between the jammer and the radar. The individual jamming 
levels are then added to obtain the sum of the jamming power 
arriving at the radar. 

As in the case with the non-JjJamming environment, the 
above equations can be simplified by defining a term a which 
contains the constants of the radar system and which is 
equal to the range at which a one square meter target can be 
detected in the presence of one watt of jamming power per 


megahertz. The monostatic range equation in jamming is: 


a ak 
cag, See a 
Rig = 7 (o/2IP) 


and the bistatic equation is 


4° 
2 


i a(o/xXJdP) 


In solving the bistatic detection problem in the simula- 
ieon algorithm, ie and Ro have only the target's position in 
common. It is therefore necessary to state the product RR. 


as a functicn of the target's position and solve the 
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detection equation in terms of-the time at which the target 
Gan be detected. If a constant CHAR is defined to be the 
product of 6* times o for a clear environment and a* times 

o divided by the sum of the jamming power for the jamming 
situation, the detection equation then becomes ROR. = (CiNee 
The radar is able to detect a target whenever the range 
product squared is iess than or equal to the constant CHAR. 
By expressing R. and Ro in terms of time, the solution of 
the bistatic equation CEC) CHAR = )0 provides the 
mimes at which detection can occur and then be lost as the 
target moves along its track relative to the transmitter and 
the receiver. The below figure is a layout of the track and 
detection points that is illustrative of the detection equa- 


ieem : 





Target tTeack 


Figure A2 


Bistatic Detection Geometry 
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mapels are as follows: 


meceiver Transmitter Value 


XR OX Mecoord of position 
YR ib .4 Y Coord of position 
ZRN XN antenna beight in nautical miles 
XRC KA X Coord of track CPA 
RAC NORE Y Coom@eof track “CPA 
CPR CPX Distance to CPA 
Track 
por, YL Mitral positon 
gl Plicude Ih Marmite al ni es 
XO, YO terminal position 
V velocity in nm/min 
VX VELOCI*TV alin A “Mix ection 
Vy velocity in Y direction 
XD X Coord of detection position 


li 


(X1+VxT) where T is the time 
of detection 


= 


Ceord of detection position 
yer y 1) 


The equation RU(t )RI(t) = "GHAR = © is expressed in terms 
of the stated positions; time is the independent variable. 


For example: 


RU(t) 


(XR-XRC)°+(YR-YRC )7+(ZRN-Z1)?4+(XRC-(X1+VxT))° 


+(YRC-(Y1+VyT) )? 


= (Vx? +Vy? )T?-2(Vx(XRC-X1)+Vy (YRC-Y1) )T+(CPR)’ 


EOS HOeD Oy <cHOGNe ool \m 


=—AN- pr +i 
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ine similar manner RU (t) = AT*+BT+C where B = -2(Vx(XXC-X1) 


+Vy(YXC-Y1))T and C = (CPX)?+(XXC-X1)*+(YXC-Y1)°. 
Mee ransze equation in terms of t then reduces to 


Bice D, Cre Peeh 


T(t +(e + Ld aoe AOE CE — CHAR _ 


A2 


The real roots of this fourth order polynomial in ascend- 
ime order are the times at which the target is first detect- 
able, lost, redetected and then lost again. In the case 
Maere there are no real roots, the target is not detectabie 
mreone its track. imOomly sone pale s@t reall roots ex1Svs, “the 
Maer has only one detection zone against the target. 


The multiple detection zones occur when the target pene- 


te 
meaces the contour of the equation RE, = CHAR”? in more than 
mmo Locations. These contours plot as ovels of Cassini in 


the plane containing the base line between the transmitter 
meee receiver. The contours, shown in Figure A3, repre- 
Seme curves of constant sensitivity for the bistatic radar 
system and a given target. In the case of low sensitivity, 
m@iemecurves consist of two disjunct ellipses with the trans- 
Map ber and receiver at the furthest foci. As sensitivity is 
increased the curves become ovals about the receiver and the 
transmitter and eventually become an ellipse with the trans- 
fiber and receiver at the foci. If this ellipse is rotated 
about its major axis, a prolate spheroid is generated which 


mamm7es the detection surface for the bistatic radar. 
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Figure A3 


mrves Of Constant Sensitivity for Bistatic Radar System 


In addition to the requirement that a solution to the 
radar range edauation exists, the target must elso be above 
both the transmitter and the receiver radar horizon for a 
Merection to occur. The radar horizon restrictions can be 
seen in figure A4, which uses the same track as presented in 
figure AZ, along with an additional axis representing the 
mreratit position with respect to time. 

The positions in figure A4 are defined in figure A2. 
HORX and HORR are the distances to the transmitter and re- 
ceiver radar horizons for their respective antenna heights 
and the target's altitude. TR1 is the time the target first 
enters the radar horizon of the meceivor-  bazeis tie Came? it 
@eparts. TX1l and TX2 are similar times for the transmitter. 
The time that the target is simultaneously above both hori- 
Zons is the interval (ESE fa) where T’ = max (TR1,TX1) and 


1 = jain Ce eae 
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Figure A4 


Intersection of the Bistatic Radar Horizons 


The intersection of the joint horizon time interval 
eT.) with the time intervals obtained from the range de- 
tection equation provides the time of detection and the time 
of lost detection for a target. 

These times, in conjunction with the ranges which are 
related to the times, are then used in the simulation to de- 
termine “shoot events" for the defensive forces and to accu- 


mulate statistics on the detection ranges. 


92 





APPENDIX B 


DESCRIPTION OF THE PROGRAM 


This appendix provides a description of the FADS com- 
Pmeeer program. The MAIN portion of the program is presented 
mest. the principal subroutines follow with the minor sub- 


memeines and functions covered last. 


ie OVERVIEW 
This paragraph gives an overview of the functions of 
the individual sections of the program. 


MAIN - The MAIN program reads in the input values, con- 
Dates Sbabisules and controls the simulation through 
the specified number of iterations. 


Peper — subroutine EFFECT controls the individual itera- 
tion by selecting the proper subroutine to piay 
tiemie<t “event itm the events list. 


LE “woUlmeOUuLLiNC JU Inltlabezesoor resevs values itor 
each iteration. 


EVENT - pbubroutine EVENT controls the input and retrieval 
Owe veCiTs 1 ronmeciemevents list. 


REMOVE - Subroutine REMOVE retrieves higher priority tar- 
gets from the events list. 


meanest — Subroutine TARGET returns all of the "shoot" events 
Wanemeeccureat oa Specii1ed time. 


SUBE1 - Subroutine SUBE1 computes detections of the raiders 
by the BLUE forces and determines ''shoot" events 
against the raiders. 


SUBE2 - Subroutine SUBE2 computes the RED ASM/SSM launches 
and subsequent detections followed by the ''shoot" 
events against tne ASM/SSMs. 


SUBES3 - Subroutine SUBE3 evaluates the engageability of a 


target based on the situation at the proposed BLUE 
missile launch time. 
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SUBLA4 


SUBES 


SUBE6 


TIMMY 


J AMM 


BIDET 


DT IMD 


CPA 


REACT 


Pir OR 


RCHECK 


TMDASM 


TMDBOM 


ZLNKA 


TJSORT 


Subroutine SUBl4 determines ASM/SSM impacts on 
BLUE ships and evaluates out of action status for 
them. 


Subroutine SUBES evaluates the BLUE missile inter- 
Cepus. : 


Supmouucane SUBIG releases the fire control radar 
at the time of intercept. 


Subroutine TIMMY computes the predicted intercept 
point and flight time for the BLUE SAM/SSM and 
determines whether the intercept is within the 
missile's capability. 


Subroutine JAMM determines the range at which a 
monostatic radar can detect a target in the pres- 
ence of jamming. 


Subroutine BIDET computes detection ranges ana 
tumecrot Gdetection 10r bistatie radars in a clear 
or jamming environment. 


Subroutine DTIMD determines the real and imaginary 
roots of the fourth order polynomial used to solve 
for the bistatic radar detection times. 


Subroutine CPA computes the coordinates of the 
emeseste point Of approach of a target to” a unit. 


Subroutine REACT computes reaction time delays. 


Subroutine PRIOR determines the most threatening 
target among those that a defensive system may en- 
sage at a given time. 


Subroutine RCHECK evaluates a prospective target 
ship to determine if the target is akove the 
raider's radar horizon and within the raider's 
maximum theoretical radar range. 


Subroutine TMDASM determines if and when a RED 
target will close within a specified range of a 
BisUige Win tc. 

Subroutine TMDBOM determines the time when a RED 
raider will come within a given range of force 
Cet ev 

Subroutine ZLNKA is a sorting routine. 


SUDLOULIMe woe we 1S a Sertiangs routine. 
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LOCTIM - Subroutine LOCTIM computes the raider position at 
a given time. 


ASMTIM - Subroutine ASMTIM computes the ASM/SSM position at 
a given time. : 

RANDOM - Subroutine RANDOM generates uniform (0,1) random 
numbers. 

BiolG - Subroutine HISTG provides a histogram and asso- 


Caaeed Ssuatistics oim@hate, hit iantervalsg and@hits 
Per wimiuce [Orvis pechiiled spmw0r Unit. 


DISPL - Subroutine DISPL provides a geographical plot of 
the BLUE unit positions. 


RADIAN —- Function RADIAN converts angles in degrees to 
angles in radians. 


RAIDIS -—- Subroutine RAIDIS provides a geographical plot of 
Pew Deramer tracks and launch points. 


SETIMX -~— Subroutine SETIMX provides the internal computer 
clock time. 


i) 


MAIN 
The simulation is initialized by MAIN which also com- 
piles iteration results for the summaries. The MAIN program 
begins the first of its three principle functions by zeroing 
Specified arrays. It then proceeds to read in the X array, 
the raider target list assignments (NRTGT), and the target 
lists (PLIST). The second principle function is to enter 
mm@esoe Initial values that will remain constant through all 
meetavions into the various tables. MAIN's third principle 
memetion is the accumulation and printing of the statistical 
Pesults. 

The initial step in performing the above functions is 
Maes Zeroing Of the X array. In the next step, data are read 


mmeOo the X array by reading data cards in the format 
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eeoeorlO.3). The information is first read into an integer, 
Seeand the array RXATA(S). From ee using IRT as the 
imitial X address, MAIN fills the next five X array slots 
sequentially. xX array addresses that are to remain 0.0 need 
not be read in unless they are within the neighborhood of 
the five addresses contained on an input card. In this case 
they must be specified 0.0. The sequence of reading data 
Saereas and filling the XK array will continue until a card is 
head with the value O for IRT and 0.0 for the remainder of 
mae card input. This is the flag for MAIN to proceed to the 
next step. 

The program then obtains from the values previously 
read into the X array the starting values for ISEED, the 
seed value for the random number generator, and NI, the num- 
ber of iterations to be played. End of game time is deter- 
mined and the X array is printed as it was read in. MAIN 


now computes the weapon (RED ASM/SSM) horizon as follows: 
4d 
Hema (CURVATURE ACTOR ) =k (CRUISING ALT )*> 


HORZ is in miles and ALT is in feet. MAIN next converts all 
courses and bearings from degrees true to degrees in the 


cartesian coordinate system using the relationship: 
DEG(C) = 450.-DEG(T) 


meevyvelocities are converted from knots to nautical miles 
feeminanuce. wJammer and radar beam widths are converted to 
feo beam widths in radians, and MAIN finds the fourth root 


of the raider and RED weapon radar cross sections. Next the 
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pareet Jist assignments and target lists are read in, and, 
memx(l2)is set, MAIN prints the X-array, PLIST, and NTRGT as 
ieead in. 

MeN next fills out the ship table and the raid table. 
It counts up the number of BLUE missiles (both SAM and SSM) 
available, and, if X(15) has been set, MAIN prints the con- 
Memreoa X array. If X(55) is set, MAIN calls SETIMA to start 
the internal timer. 

tee new Calis EFFECT to control the first iteration. 
Epon completion of the first iteration, MAIN prints the ASM 
table and the SAM-ASM-RAIDER table. It then computes and 
meres Various statistics for this iteration and computes 
and prints cumulative statistics for all iterations thus far 
DEM ee Cl eniS Ser, the SHIP table is printed at 
mee end of iteration one. If X(52) is set the RAID table is 
printed and if X(53) is set the SAM table is printed. If 
X(54) is set, all the random numbers used in the first iter- 
meen are printed, in the order of use. 

At the end of iteration one, MAIN sets flags 9, 52, 53, 
momo, of, 28, 59, and GO to 0. MAIN then loops back and 
Calls EFFECT to begin the next iteration. Upon completion 
Seeetcne last iteration, additional statistics are printed 


and the program stops. 


oe SUBROUTINE EFFECT 
eel COMmerolaweach Iteratvon., If X(55) 1s set for 


Sepugeing, EFFECT calls subroutine GETIMX on entry and exit 
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to login and logout. EFFECT next calls JULIE to set the 
tables and arrays that were altered during the previous 
[Meeration back to their proper starting values. The simula- 
tion begins when EFFECT calls subroutine GETEV for the first 
event to be played. GETEV supplies EFFECT with the type of 
event to be played, NEXTEV, the time of the event, and a 
code identifying the type of event. If the event type re- 
turned by GETEV is O, the iteration is over and the sub- 
mumenc CXits. If the event type is greater than 6, the 
program prints an error message and terminates. Otherwise 


EFFECT calls one of the following subroutines to continue 


the play: 
SUBE1- for a RED raider detection and intercept 
event. 
SUBE2 for a RED missile launch-target-—detect- 


mieercept event. 
SUBE3 for a BLUE missile firing event. 
SUBE4 for a RED ASM/SSM impact event. 
SUBES for a BLUE missile kill event. 


SUBEG for a "set fire control channel free" 
event. 


imeem return from one of the SUBE's, EFFECT again calls GETEV 
for the next event to be played. Event types used elsewhere 
in this manuscript correspond to the SUBE subroutine which 


plays the event. 


ae. SUBROUTINE JULIE 
Subroutine JULIE initializes or resets those items that 


meemecawnirea for each iteration. Jfe&(55) is set, JULI: 
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calls GETIM upon entry and exit. JULIE is called by EFFECT 
and calls RANDOM, TMDBOM, STOREV, and EVENT. 

EVENT is called to zero the events iat, andmare enter 
the end of game event into the events list. The following 
counters are then set to zero; NASM, NSAM, IFAG, IFBG, ITEMS, 
IFLASK, and IFIRST. The following arrays are zeroed; JAM, 
at, ISAG, ISBG, STATS, TGTAV, IGAGE, NONO, JACK, and 
SAMASM. The RAID table and SHIP table are reset and the SAM 
table is zeroed. The missile batteries are reloaded and, if 
Pe) 1S sei, the availability of eaxeh BLUE radar and launcher 
is determined. JULIE does this as follows. The first check 
is on the search radars; if at least one is operating, JULIE 
determines which fire control radars are operable. If no 
Pearce) radar 1S avaliable, the program checks to sce whether 
Sm@esniorizon search mode for fire control radars is author- 
ized, X(7), and if so, whether the ship in question has 
madars with this capability. If the ship has a search radar 
mae tire control radar combination, or a search radar com- 
bined with active, HOJ, ARM, or some other type missile 
which does not require a fire control radar, the launch 
availability is checked. If the search radars are inopera- 
Mive, the fire control radars are horizon search capable, 
and at least one is operable, the launchers are checked for 
availability. if the ship has no means of firing or of de- 
meetlon, it is marked a non-combatant and the next unit 1s 
evaluated. If the launcher can be coupled with a search/ 


Mevrection/acguisition svstem, the ship is marked as a G-ship, 
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the equipment status is entered in the NADAR array, and the 
next unit is evaluated. 

For each RED raider, JULIE calls STOREV to store a 
type 1 event at time 0., and, if the raider carries ASMsS or 
SSMs, a type 2 event is stored for launch time as determined 
by TMDBOM. 

Finally, JULIE totals the number of BLUE SAM(SSM) bat- 
teries available, sets the RELOAD array to zero, and, if 


X(60) is set, prints the events list. 


D. SUBROUTINE EVENT 

Subroutine EVENT is called by JULIE. It enters the 
end of game time in the events list. If X(55) is set, 
EVENT calls GETIMX upon entry and exit. The event counter 
LOVER is set to one and the events list is zeroed. End of 


game time 1s set equal to the integer IT using the equation: 
Diea=wetOO00 x CE sbe0. C005 ) 


were | is equal to the value stored in X(82). The end of 
game event, a type O event, is then entered in the events 
iM>ec along with the time IT. EVENT then returns to JULIE. 
ow Hntry GETEV 

GETEV is an entry into Subroutine EVENT. It is 
@mlilted by EFFECT and calls GETIMX at entry and exit if X(55) 
is set. GETEV removes the first entry in the events array, 
ments (1,1) and IVENTS (1,2), converts these back into 
event time, type, and participating units, and sends these 


turee pieces of information back to EFFECT. The counter 





LOVER is decremented and the entire events list is moved up 
one position. If the debugging switch X(60) is set, GKETEV 
fernts out TIME, NEXTEV, and IUNIT. 
Doesnt ry STOREV 

STOREV is an entry in Subroutine EVENT and its pur- 
Meee 1S to place the given event in its proper place in the 
Pvemcs list. STOREV is called by JULIE, SUBE1, SUBEZ, SUBES, 
Sieiso, and PRIOR. If X(55) is set, STOREV cails GETIMX upon 
entry and exit and prints the login/logout time. The inputs 
to STOREV are the time of the event, the type of event, and 
Mme code for the units involved. STOREV first checks to see 
whether the time the event is to be played exceeds the 


allotted game time. If it does, STOREV prints a message 


Ish 


peeeere® the time of the last event, tyne of event. and plaver 
code. If LOVER is greater than or equal to 1000, the event 
is lost and STOREV prints a similar message. If both tests 
are passed, STOREV combines the event tvne and player code 
into one 9 digit integer (ICODE). Time is converted to an 
integer using the same equation as is in EVENT. STOREV 
places the event in the events array by time. If the time 
is not unique, it proceeds to compare the stored values of 
ICODE to the one to be entered. These are ordered from 
smallest to largest. When the proper place is found, LOVER 
1s incremented, and the remainder of the array is moved up 
one address. If no place is found to insert the event, in- 
eeuding even just right before the end of game event, an 


error message is printed and the game stops. If the debug 


ewiven K(6O)}) 1S Set, STOREV prints the event stored. 
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6. SUBROUTINE REMOVE 

Bebroutine REMOVE is called by PRIOR when PRIOR dis- 
covers a more threatening target for the missile system 
being evaluated. If X(55) is set, REMOVE calls GETIMX upon 
entry and exit. REMOVE receives the code IUNYT from PRIOR. 
IUNYT is the (event type/player) combination that is stored 
in the events array. IUNYT was found by TARGET and evalu- 
ated by PRIOR as the next event to be played. REMOVE 
mearehes the events array for a matching code group. If it 
finds the group it removes both the code and the time and 
then moves the remainder of the array up one, and exits. If 
REMOVE can not find the code, it prints an error message. 


REMOVE then prints the events array and exits. 


. SUBROUTINE TARGET 

Subroutine TARGET is called by PRIOR. Its purpose is 
momprovide PRIOR with all Type 3 events which occur at the 
present game time. The input for TARGET is time and the 
outputs are IUNIT and MORE. If IFIRST is equal to zero, 
TARGET sets it equal to one. TARGET then converts time to 
the integer format of EVENT end compares it to the time in 
the array location indicated by IFIRST. If the times are 
equal, TARGET checks the event code. tieteas <a hype s 
event, TARGET increments IFIRST, sets MORE equal to one, and 
exits with the event SO. If the times are not equal, or 
the code is not Type 3, MORE and IFIRST are set to zero and 


the subroutine exits. If MORE was set to one, PRIOR will 
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call again until MORE is set to wero. If X(55) is set, 


ieee? calls GETIMX each time it is entered or is exited. 


S. SUBROUTINE SUBE1 

SUBE1 is the RAIDER detection subroutine. It is called 
by EFFECT and in turn calls subroutines CPA, JAMM, STOREV, | 
meet, LOCTIM, RANDOM, TMDASM, BIDET, and, if X(55) is set, 
SeriMxX on entry and exit. SUBE1 tracks the raider from its 
start of the game position to its end of game position and 
determines which BLUE units, if any, will be able to engage 
the raider. ig it is determined an engagement is possible, 
detection delays, command and control delays, and equipment 
availability are checked to determine whether or not to 
enter a ioe o Or Sshoor, Cvent in the events JisSt array. 

SUBE1 first sets flags NASA, NSURF, and NJ. If X(16) 
is set, SUBE1 checks the ASM counter to see if the BLUE 
force has been fired upon. If X(16) is set and NASM is Zero, 
SUBEL stores a Type 1 event at game time plus 2 minutes and 
then exits. Otherwise, the raider's altitude is checked to 
determine whether the raider is an aircraft or surface/sub- 
eariace unit, and then the applicable raider characteristics 
are drawn from the X-array. 

Each BLUE ship is next queried to determine whether it 
meamecheage the raider. If the ship has been sunk, or if it 
1S a non-missile ship, the NONO table is set to 7 and the 
next unit is evaluated. The maximum missile range of the 
Operable systems on the BLUE unit is obtained. The dis- 


tinction between surface and air targets is made by comparing 
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target altitude to the fifty-foot ceiling for enemy surface 
units and the fifty-foot floor for enemy aircraft. A mis- 
sile system must be deSignated as a surface to surface, or 
surface to air system when the system characteristics are 
fmmout. there is no cross matching of systems to targets. 
SAM's are fired only at aircraft and ASM's, SSM's only at 
ships. 

TMDASM is called to determine whether the target will 
enter the BLUE unit's missile envelope. If not, the NONO 
table is set to 9 and the next unit evaluated. If the tar- 
get will enter the envelope after the end of game time, the 
NONO table is set to 8. 

When it has been determined that the target can be en- 
gaged, the target CPA is obtained and the ship's engagement 
Opportunity counter is incremented. 

The detection phase begins with a check of the search 
radars. Each BLUE unit is allowed up to three. If the 
radar is operable, the clear detection range, jamming envi- 
ronment detection range, combined radar horizon, and theo- 
retical maximum radar detection range are compared. The 
minimum of these is the radar's detection range for the tar- 
Bet in question. This range is compared to that of the other 
Search radars on board, and the maximum is taken as the 
Ship's detection range. 

The between radar comparison is made by converting de- 
Meetion ranges into time and adding in the reaction time 


delays obtained from REACT. 
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If there is no search radar operational, SUBE1 checks 
to see whether the target can be deyceued in the horizon 
search mode. If there has been no detection and the BLUE 
ier 1S operating a bistatic search radar, the subroutine 
checks to see whether BIDET indicated two detection zones. 
If so, the search radar portion of SUBE1 is redone using the 
second bistatic zone. If there remains no detection, or no 
radar capable of detection, the NONO table is set to 2 and 
the next BLUE unit evaluated. 

Given a search radar detection, SUBE1 proceeds to eval- 
uate the missile systems for fire control acquisition. This 
is done by obtaining the maximum fire control radar range 
from among those raders available, and converting this to a 
time as was done in the search radar algorithm. If the mis- 
Sile of a system requires no fire control radar, the maximum 
missile range is used as that system's acquisition range. 

Having determined the maximum acquisition range, the 
Meooability of correct identification is compared to a ran- 
dom number drawn from RANDOM. If the ID check declares the 
target non-hostile, the NONQ table is set equal to 3 and the 
next BLUE unit is evaluated. Otherwise, the time the target 
will be acquired is determined by calling TMDASM. 

The reaction times for weapons direction equipment de- 
lays, target assignment, and acquisition (if the missile re- 
mires a fire control radar) are obtained from REACT and 
added to the search radar detection time. The last time to 
Shoot is determined using the time the target leaves the 


maximum fire control range, and the SAM/SSM velocity. 
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The firing eis is obtained from REACT and added to 
moe greater of the detection time and the acquisition time. 
mae shoot" time is compared to the’ last time to fire, and 
if the shot is still possible, the program stores a shoot, 
Type 3, event for each director-launcher combination in op- 
eration. If the missile requires no director, the number 7 
is stored as the channel number, and only one shoot event is 
eeerea ior that system. If the unit requires a director, no 
channel number is assigned. 

If the delays have precluded a firing, SUBE1 checks to 
see whether there was a second bistatic detection. If so, 
i. returns to the search radar portion of the algorithm and 
proceeds aS above evaluating the Second bistatic detection 
zone. Otherwise it sets the NONO table eaual to 5 and nroc- 
esses the next BLUE unit. 

The horizon search portion of SUBEI is entered as de- 
scribed above. The program checks the NADAR table to see if 
eae GQirectors can operate in the horizon search mode. If 
so, the program proceeds in the same way as the search al- 
gorithm, using the fire control radar parameters. Having 
determined the detection time, the decisional and reaction 
delays for neteimen scan mode are obtained from REACT. The 
Shoot time is determined to be the detection time plus the 
acquisition time, plus the maximum of the firing time and 
Secision to fire time. A range check is made by calling 
TMDASM and if the time to fire is less than the last time to 
mere, a Type 3 event is stored for each director operable in 
the horizon search mode. 
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After all .the BLUE units have been processed, SUBE1 


Secs calling GETIMX if flag X(55) has been set. 


9. SUBROUTINE SUBE2 

SUBE2 is the ASM/SSM launch and detection subroutine. 
mers called by EFFECT and in turn calls RCHECK, REACT, 
STOREV, BIDET, RANDOM, TMDASM, TJSORT, CPA, LOCTIM, JAMM, 
mmemea?t X(55) is set, GETIMX on entry and exit. 

The inputs to SUBE2 are launch time and raider number. . 
The subroutine first checks the RAID table to see whether 
the raider nae already been shot down or sunk. If so, the 
subroutine exits. Next the program checks the flag IFLASK 
to determine whether any RED ASM/SSM's have been fired. If 
IFLASK 1s greater than zero, the subroutine mroceeds to 
eneck whether the launch time is greater than TMAX and exits 
fmeit as. If IFLASK equals zero, SUBE2 sets IFLASK to one 
and TMAX, the time by which all ASM's ee be launched, to 
present time plus X(84). SUBE2 now retrieves the raider 
speed and, if the raider is an aircraft, determines the ASM 
launch interval, sets IFLASK equal to 2, and determines the 
metal number of ASM's on board. If the raider is a surface 
unit; and no ASM's have been fired, IFLASK is set to 0. 

SUBE2 determines which of the two possible missile types 
has the longest firing range, (firing range is measured from 
coordinate (0,0)). The missile parameters are drawn from the 
Beevector, and the launching sequence begins. 

The launching of ASM's is done by drawing a series of 


uniform (0,1) random numbers, depending upon how many missiles 


Od 
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are to be launched, and ordering them. The exact launch 
time of each ASM becomes the present time, plus the next 
random number times the launching interval. The launching 
of SSM's from surface units begins with the Pree LewWe hia v 
time plus some portion of the interval specified in X(86). © 
Subsequent surface launches are at fixed increments, X(1809). 
Having determined when, and in the case of surface to 
surface launches, how many RED missiles are to be launched, 
the targeting phase beings. LOCTIM is called to insert the 
Pea@er position at launch into the RAID table. The raider 
target list is located and a temporary target list is con- 
structed. Each ship on the raider's target list is cycled 
through RCHECK to determine whether it is afloat, above the 
radar horizon and within radar Pome. if all these’ teem 
are passed, the ship is entered on the temporary target list 
by putting the values from the original target list in the 
next slot of the temporary target list. Once the target 
list has been rormed ,7a randem number, Z, is drawn from 
mWOM and the first ship with a cumulative probability of 
being targeted greater than Z is designated the target. If 
there is none, the first ship on the list is taken. A check 
is made to see whether this ship has been designated a non- 
mearatving picket. If not, SUBE2 proceeds to the detection 
phase. If the target chosen is a non-radiating picket, 
checks are made to see whether the raider can correctly 
identify the target. This is doen by determining whether 


Mresraider iS within X(23) miles of the target. This 
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measurement is done in the horizontal plane. If the raider 
is close ‘enough to the target, RANDOM is called for a random 
number to compare with the probability of correct identifi- 
@emevon. tlf the picket fails to qualify as a target, it is 
eliminated from the target list and the process starts again. 
hie at any time the situation arises where there are no tar- 
mers On a2 raider's target list, launching stops and an event 
Type 2 is stored for time plus three minutes. 

Upon acquiring a target, the ASM/SSM is considered 
launched. A random number is drawn and compared to the 
fammeh reliability. The ASM table is filled out and, if 
launch was unsuccessful, the NONO table is set equal to 1 
and the next missile processed. Upon an unsuccessful launch, 
a check is made to see whether there is to be a second SSM 
in the same salvo. If so, the time is not advanced for 
fhais launch. 

Assuming a successful launch, the detection phase be- 
gins. The target ship's position is stored in the RAID 
table for use in BIDET, but otherwise, the detection se- 
quence follows that outlined in SUBE1. 

When all of the first type of missiles have been launched, 
and if the raider is carrying a second type of missile, 

SUBE2 decides whether or not the raider has reached its sec- 
ond launch point. If so, the appropriate parameters are ex- 
tracted and the launching continues; otherwise an event Type 
2 1s stored for the new launch time and the subroutine exits. 
When there are no second type missiles, the subroutine exits 


auter the last launch. 
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Hie west seauence Consists of checking KGSS)y(if set 
mie NONO table is printed), and X(55), if set, (the exit 
erock time is printed). The NONO table codes for SUBE1 and 
SUBE2 are: 


System can engage the target. 
The ASM failed at launch. 
The ship did not detect this target. 


TiecemtSssr re Or raLtaer Was not identified as a 
target suitable for engagement. 


GaN = Sc 


ea 


The ship can not acquire the target. 
Reaction delay was too long. 


Tie missile will impaet prior “to coming” Inte 
max SAM range. 


7 Non missile ship. 


S§ Detection will not occur until after end of game. 
Can not engage. 
moe «DSUBROUTIING SUBES 


- 


This subroutine evaluates the engageability of the tar- 
get in light of the current situation at the proposed launch 
foe. SUBES is called by EFFECT, and it in turn calls 
PerOR, STOREV, CPA, TIMMY, and, if X(55) is set, GETIMX on 
eiery and exit. 

The inputs to SUBES are event time and a participant 
code. The code is an integer of the following type, IIIJJKLM, 
where III is the target number, JJ is the firing ship, K is 
the missile system, L the director, and M is the channel. 
number. The subroutine breaks down the code and then checks 
the appropriate portion of the SHIP table to determine 
whether the firing ship has been sunk, (if X(5) has been 


Bet, this check will indicate the ship has not been sunk 


HAL, 





@ven if it has absorbed more hits than are considered nec- 
weeary to put it out ef action). If the ship has expended 
the magazine of this missile system, the subroutine exits. 
Having established the credibility of the firing ship, SUBES 
determines whether the raider has been shot down or sunk, 
mer at SO, it exits. 

SUBE3 now determines the maximum missile range for the 
system under consideration and compares this with the raider's 
en, If the target will not enter this maximum missile en- 
velope the subroutine exits. PRIOR is called to determine 
whether this ship/system/director combination has another 
Shoot event at the present game time and, if so, if that tar- 
get 1S more threatening. PRIOR logic will consider the 
closest target as most threatening. If PRIOR returns the 
Same target, the subroutine continues. If not, it checks 
out the target as above and exits or continues as appro- 
priate. 

If the target has not been destroyed, SUBE3 checks the 
meoradination set-up. If both the fleet and the firing ship 
are coordination capable, the subroutine checks the target 
availability. If the target is under engagement, the sub- 
routine calls STOREV to store a Type 3 event at the time the 
target will become available. if the target remains engage- 
able, SUBES checks the NONO table. If the value O is found 
the event continues. If not, the subroutine exits. 

The subroutine now goes to the channel assignment phase. 


If the SAM or BLUE SSM reauires no director, channel number 


ey 





7 has already been assigned in SUBE1 or SUBE2, and the flag 
ICOT is sét to 0. If the missile requires a director for 
fewer or all of its flight, and a channel has been assigned 
mee previous run through SUBES3, the subroutine checks to 
fee whether the assigned channel is busy. If it is, ICOT is 
Sere tO 1; if not, ICOT is set to 0. If the missile has not 
been assigned a channel previously, the availability of a 
channel is checked. A free channel, if found, is assigned 
and ICOT is set to 0; otherwise a search is made to deter- 
mane which channel will first become available and this one 
is asSigned. Ti ave this point all channels are busy and tle 
Serector is required for the full SAM/SSM flight, STOREV is 
called and a Type 3 event stored for the time the director 
will become available. 

If the systems all indicate they are engaged in an 
intercept and upon searching the SAMASM and SAM tables no 
record of this can be found, the program terminates after 
printing an error message. 

SUBE3 now proceeds to check whether the firing ship 
itself is engaging the target. If it is the subroutine exits. 
If the target is an ASM or SSM, the subroutine. checks to see 
mat the target will not impact prior to BLUE missile launch. 
mit will, the program exits. 

At this point, if ICOT equals 1, the channels were all 
considered busy and the BLUE missile only requires the di- 
MeccOr for terminal homing. SUBE3 checks the SAMASM listing 
wo determine when the channel will be available and stores a 


Type 3 event. 
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me LCOT Sate 0, SUBE3S calls TIMMY to determine the 
intercept position, Single Shetty khrild re ee SAM/SSM 
merent time, and the intercept possibility given the BLUE 
fmrscrle flight and warhead characteristics. If TIMMY re- 
turns the possibility flag -1, the intercept is not possible, 
mueemay be in the future. SUBE3 stores a Type 3 event for 
Present time plus six seconds. If the indicator 1S zero, 
the intercept is not and will not be possible, and the sub- 
Poutine exits. If the indicator is one, the intercept is 
now possible and the program continues. If the intercept 
was possible, but the intercept point was in the hazard zone 
@ieanother BLUE unit, TIMMY returns the indicator two. In 
this case, SUBE3 again stores a Type 3’ event for present 
time plus six seconds. 

Ii the SAM/SSM requires the director for only the ter- 
minal phase of flight, SUBE3 determines whether the director 
can be scheduled for the intercept. If not, the Subroutine 
stores a Type 3 event for the time the director will be 
free, minus flight time, plus terminal homing at, plus 
0.06 seconds. 

If scheduling is not needed, or the director will be 
available when needed the missile is considered launched. 
The SAM-ASM-RAIDER and SAM tables are filled in and missiles 
on board and in the fleet counters are decremented. If 
Stereo 1S coordination, and the firing ship is coordination 
capable, the target availability is up-dated. The launcher 


merOoad time is determined and stored. The channel 
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fSvarlability indicator is set to l and a Type 5 event is 
stored for intercept time. | 

PerOor tO ECxXit, 12 X(9) rs set, SUBES prints out the 
firing ship number, the target number, and the reason for 
exiting the subroutine are printed. The breakdown for the 
REASON code for SUBE3 follows: 


Cawcoinue Salve Lired. 


ore eS re SU) aeeOien Olt nOuie CL 1 Ol). 


2 Target being engaged. 

3S Target already destroyed. 

4 Firing ship out of missiles. 

5S Director required for entire missile flight 
and is not available. 

6 Firing ship already engaging the target. 


7 Missile requires director only part time but 
all channels are busy. 


& NONO table nrohihits engagement. 

9 Launcher not available. 

10 ASM will impact prior to SAM launch. 

11 Director cannot be scheduled for the intercept. 
iWoereirector Operation 11 horizon scan mode, busy. 


13 Target will not close BLUE missile envelope or 
TIMMY indicates no intercept. 


14 TIMMY indicates target may enter envelope later. 


fo sti andacates tarfet intercept point is too 
Coss  LOnaneiNermebLUE Unat. 
tt. SUBROUTINE SUBE4 
SUBE4 determines whether the RED missile failed in 
flight, and if not, increments certain counters indicating 
Ship hits and possible sinking. SUBE4 is called by EFFECT 
and it in turn calls RANDOM, and, if X(55) is set, GETIMX 


en entry and exit. 
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SUBE4 first breaks down the input code into the RED 
ASM/SSM number, and the BLUE target ship number. The code 
enters SUBE4 as the integer RRRBB. ‘It then checks to see 
whether the ASM/SSM has been shot down, or had its launch 
negated due to the loss of the launching raider prior to the 
mecual missile launch time. If neither is the case, the 
probability of successful flight is drawn from the X array 
and RANDOM is called to produce a random number. If it is 
Pinned that a failure occurred, the ASM table is set to 
3 and the subroutine exits. Otherwise the target ship is 
assumed to have been hit and the appropriate counters are 
incremented. If X(5) is not set, the subroutine compares 
the number of hits taken to the amount of damage the ship 
can withstand, and if too many hits have heen taken, de- 


Cclares the ship sunk. 


m2. wUBROUTINE SUBES5 

SUBE5 evaluates the BLUE missile intercept and performs 
checks on other ASM/SSM if the target shot down or sunk was 
meee raider. ‘SUBE5 is called by EFFECT and it in turn 
calls STOREV, REACT, RANDOM, and if X(55) is set, GETIMX on 
entry and exit. 

SUBE5 is called with an input variable of salvo number. 
Using this, SUBE5 gets the target number, firing ship number, 
missile system, Aeeton and channel number from the SAM- 
ADM-RAID table. The director reassignment and reacquisition 


delays are determined and stored, fleet and individual ship 


te 





Sratistical Aba. are taken, and a check is made to insure 
Phat ne target is still engageable. If the target has al- 
ready been sunk or shot down, the “SAM-ASM-RAID table is set 
fem=1, indicating an overkill. If the target is an ASM/SSM 
that failed in flight or has already impacted, the salvo is 
determined to have been a failure and the SAM-ASM-RAID table 
is set to zero. If the target is engaged, the probability 
of BLUE missile successful flight and support is pulled 

from the X array, and the single shot kill probability is 
removed from the SAM-ASM-RAID table. RANDOM is called to 
provide a random number. Success is determined by comparing 
PK to the random number drawn. This is done by determining 


Pieeas tollows: 
Nit / 4-4 MTF n 
PR = PS x C1-(C1i-& Yo85 ) ) 


Where PS is the probability of successful flight, PKSS 
is the single shot kill probability, and N is the number of 
BLUE missiles in the salvo. If the random number is less 
than PK, the shot was:‘successful. If the shot was unsuccess- 
ful and the missile requires a director, the channel is re- 
leased and Type 3, shoot, event is stored for present game 
fame. if the missile doesn't require a director, just the 
shoot event is stored, and the subroutine exits. 

If the shot was successful and the target was an ASM/ 
SSM, the SAM, SAM-ASM-RAID, ASM, and kili counters are up- 
dated, a Type 6, channel free, event is stored, and the 
Seroutine exits. If the target destroyed was an aircraft, 


ets Che number of hits has been sufficient to disable a 
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surface raider, jane following stevs are taken prior to the 
Pear table update and exit. <A check is made to determine 
whether the raider has any ASM's or SSM's aboard. If so, 
the ASM counter iS incremented and the appropriate numbers 
are entered in the ASM table indicating that these missiles 
were lost with the launching platform. Next the ASM table 
is checked to locate any missiles launched by the raider 
just destroyed. When one is found, its launch time 1s com- 
pared to raider kill time, and if the launch time is greater, 
entries are changed in the ASM table to correspond. Upon 
completing the search, the program continues to exit where 


MmmmemeckS X(55), X(56), and X(58) for debug output. 


13. SUBROUTINE SUBE6 

PUBEG releases the fire control radar channel at the 
time of the event. SUBE6 calls GETIMX upon entry ana exit 
if X(55) is set. 

The input value to SUBE6 is an integer code AABCD, 
where AA is the firing Ship number, B is the missile systen, 
fees Lhe director number, and D the channel number. After 
breaking down the code, SUBEG sets the appropriate portion 


Ot the CHANEL array to zero, and exits. 


14. SUBROUTINE TIMMY 

TIMMY computes the predicted intercept point and flight 
time for the BLUE SAM/SSM and determines whether the inter- 
Bemwe 11€S within the intercept contour. TIMMY is called by 
SUBE3 and TIMMY in turn calls TMDASM, ASMTIM, RADIAN, ZLNKA, 


LOCTIM, and if X(55) is set, GETIMX on entry and enit. 
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Inputs to TIMMY are target number, firing ship number, 
missile system number, present target position, and present 
mame time. Outputs are single shot kill probability, flight 
mime, and an indicator flag which says the meen cant is pos- 
meere, 1S not and will not be possible, or is not but may be 
Peesible in the future. 

Using the target number, TIMMY decides whether the tar- 
get is a raider or an ASM/SSM and determines the end of game 
position for raiders and target ship position for an ASM/S9SM. 
If X(8) is set, firing sectors have been assigned and TIMMY 
checks to ensure that the assigned firing sector and the 
launcher train limits permit a launch. If launch is pro- 
hibited, REASON is set to 2, flag IND is set to zero, and 


the subroutine exits. If the launch is possible, there ma 


3 “2 eeney 


Wr 
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be as many as two firing zones. These two occurrences are 


Shown in Figure Bl. 
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Using the results of the ZLNKA reordering of the sector 
iets and launcher train limits, TIMMY determines whether 
mere are two zones or one, and which of the bearings con- 
fituce the actual firing zone, or zones, limits. If no 
Seerors have been assigned to the fleet, or this unit, the 
mmeme Zone limits coincide with the launcher train lLimita- 
Bron s . 

TIMMY next checks target -altitude against the maximum 
eemealtitude. If the target is too high, REASON is set to 
eleven and the subroutine exits. Otherwise, the intercept 
merameters are determined. These intercept parameters are 
the values entered into the X-array that approximate the 
meeval intercept contour. The intercept parameters are A, 
fees LOPE, and SEEK. The actual jntereent contour derocnds 
on target size, speed, and altitude as well as missile pa- 
rameters. There are usually more than one contour for any 
given missile system. The actual contours are found in che 
various technical publications dealing with the specific 
missile. OP-3594, Performance and Installation eharacnen- 
istics Surface Missile Weapon Systems, also contains general 
contour nomograms, and the Applied Physics Laboratory of 
Johns Hopkins University has developed computer simulations 
which generate contours. A typical contour, atone wath the 
ieeMnMyY approximation, is shown in Figure B2. A is the off- 
range capability, B is the down-range capability, and N is a 


@eeree of curvature. 
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The maximum missile range for the given target altitude 
1S determined, and it the target will met enter this range, 
as determined by TMDASM, TIMMY exits after setting REASON to 
seven. If the target is an ASM/SSM and the maneer Shum is 
fme iiring ship, target course is found and SAM flight time 
is determined by: 


FT = DLT/(SSPD+VEL) 


where DLT is the distance between the firing ship and the 
target, SSPD is the speed of the SAM, and VEL is the speed 
of the meeeet. [iets Ccasecernes ek that .1S returned to 
Bwoms 1S that for a non-crossing target. 

Mmeameic tarset Ship 1S notre firing ship ,@or the tar- 
get is a raider, the following angles are determined: ALPHA, 
the angle between the varecet, Mimwae path end esl ine von 
Sight at launch, and THETA, the angle in Cartesian coordi- 
Maes Of the present line of sight. The quantity GSINE is 
determined by: 


GSINE = SIN(ALPHA)*(VEL/SSPD) 


If the absolute value of GSINE is greater than one, the 
intercept is impossible and TIMMY exits after setting REASON 
equal to ten. Otherwise, the angles GAMMA, BETA, and DELTA 


are computed. 


GAMMA = ARCSIN(GSINE) 
BETA = 180° -—- GAMMA - ALPHA 
DELTA = 180° - BETA 


gE 





GAMMA is the angle between the SAM/SSM flight path and the 
line of sight, BETA is the angle between the SAM/SSM flight 
path and the target flight path, and DELTA is the compliment 
Mee bETA. If X(59) 1s set, the values for paar number , 
firing ship number, ALPHA, BETA, GAMMA, present target posi- 
tion, GSINE, and present range to the target are printed. 

PK for this type of target is determined by DELTA. If DELTA 
is greater than 45°, the target is declared a crossing tar- 
get and the appropriate PK is retrieved from the X-array. 
Otherwise, the probability of kill for a non-crossSing target 


1s retrieved. Flight time is determined by: 
FT = DET * SIN(CALPHA)/(SSPD * SIN(CBETA)) 


Using present time plus flight time for the input, TIMMY now 
calls LOCTIM or ASMTIM, as appropriate, to determine the 
intercept coordinates. The range to the intercept is com- 
puted and compared to the minimum nieeiie range. If the 
range is too short, IND is set to minus one, REASON to four, 
and the subroutine exits. The launch bearing is calculated 
and the first of two possible sets of firing zone bearings 
are compared to determine whether the launch bearing is with- 
in the firing bearings. If it is not, TIMMY checks to see 
if there was a second firing zone, if so it checks this one, 
Otherwise, IND is set to minus one, REASON to three, and 
fmany exits. If the intercept angle is good, the intercept 
parameter is checked. A, B, and N are combined to form the 
equation: 


Cy cra) = 1 


ae 





mevalue of two for N results in a circle or an ellipse. A 
Mie Of Six results in a near rectangle. Fractional values 
for N are permitted. 

ihe ellipse’ 1S translated so that me center isS on 
meee liring ship, and rotated so that the positive Y axis is 
@mposite to the line of flight of the target. The intercept 
coordinates are substituted into the equation, in absolute 
feaue, and if the resulting number is less than or equal to 
one, the intercept will be within the ellipse. The next 
check is the seeker limit test. The y intercept value and 
the apsolute value of the x coordinate are entered into the 
equation: 


4) — ie eSLOPE * xi 


If Z is greater than or equal to SEEK, the problem continues. 
If not, TIMMY exits after setting REASON to six. The sub- 
routine now checks the X-vector to determine whether there 
meeewany restrictions on how close an intercept can be to 
another friendly unit. If there are, the hazard zone is 
constructed. If the intercept falls within the hazard zone, 
REASON is set to nine, IND is set to two, and TIMMY exits. 

If the problem has progressed this far, the intercept 
1s considered possible and the BLUE missile salvo is launched 
while IND is set to one. If the target is an ASM/SSM and 
the firing ship is the target, the program exits. If not, 
Wee target altitude is figured into the flight time prior to 
meulrn tO SUBES. If X(9) is set, TIMMY prints out the ship 


number, target number, IND value, and REASON prior to exit. 





Reason codes as used in TIMMY 


ais Not used. 

2 Nos LilssineeZones fore thisssyvst em. 

o Firing bearing outside sector. 

4 Target too close. 

o Target intercept point outside engagement contour. 
6 Target beyond seeker limits. 

q Target beyond range and outbound. 

8 Intercept after ASM/SSM impact. 

9 TareetetOore tose. lo bLUUL UnItlat InteRcepe., 
10 GSINE greater than one. 

tl: Tareectim roo hiv: 


15. SUBROUTINE JAMM 

The subroutine JAMM determines the range at which a 
monostatic radar can detect a given target in a multiple 
standoff and self-screening jamming environment. 

The calling routine, either SUBE1 in the case of raiders, 
or SUBH2 in the case of missiles, first. determines that 
there are jammers in the problem and that at least one jam- 
mer is on the same frequency band as the detecting radar. 

If both situations obtain, subroutine JAMM is called. 

JAMM initially checks to see if the target will close 
the detecting unit within the minimum of the clear environ- 
fmm radar horizon, and theoretical range of the radar. If 
the target will not close within this minimum range, the 
Subroutine is exited with a flag set to show that detection 
would not occur. In the case where the target will enter 
this minimum range, JAMM computes the time at which the tar- 


Peri grrive at the closest point of approach (CPA) to 
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the detecting radar. Appropriate checks are made for sta- 
monary targets and targets with only minor changes in their 
X or Y position components. JAMM next obtains the bearing 
from the radar to the target at the CPA position for use in 
selecting the appropriate side-lobe coefficient. Individual 
radars are then checked to see if they have been shot down 
Mmeror to the target arriving at CPA (applicable only for 
missile detections), if they are jamming on the frequency 
band of the detecting radar, and if they are above the de- 
mecting radar's horizon. If all of the conditions are met, 
the bearing from the jammer to the jammer's jamming target 
is found in order to determine whether the detecting radar 


is within the main beam or the side-lobe of the jammer. 


jammer is then computed, taking into consideration the power 
of the jammer, the range from the jammer to the detecting 
radar, and the side-lobe/main beam relationship between the 
detecting radar and the individual jammer. The jamming power 
arriving at the detecting radar is then summed over all of 
the jammers and used to compute the burn-through range for 
the radar against the specified target. Prior to exiting 
the subroutine, the range to the target's CPA to the detec- 
mame radar is checked to ensure that it is less than the. 
burn-through range. If the distance to CPA is greater than 
eae burn—through range a flag is set indicating that detec- 
mron aid not occur due to CPA considerations. Otherwise the 
Suproutine returns as the detection range the minimum of the 
mecar, jamming, radar horizon, and theoretical ranges. 
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foe SUBROUTINE BIDET 

This subroutine computes the number of detection zones, 
ranges, and times of detection for a bistatic radar in 
either a clear or jamming environment. BIDET is called by 
pw@eee and SUBEZ, and it in turn calls GETIMX on entry and 
Peart if X(55) is set. 

BIDET begins by setting the initial values of aircraft/ 
meweestart position, final position, altitude, and velocity. 
The transmitter and receiver positions and radar antenna 
height are established for the bistatic system under consid- 
eration. A check for non-moving targets is conducted prior 
memenctering the closest point of approach (CPA) routine. In 
the case where the target has moved less than 0.1 nautical 


mean both the X and Y direction 


, the target's sneed is 
considered to be zero and the target enters a special loop 
to determine whether it is detectable at its initial posi- 
meomewithin the constraints of both radar horizon and radar 
Signal strength. 

For the moving target, the CPA of the target's projected 
track to the transmitter is determined by solving simultane- 
ously the equations of the target's track and the line per- 
pendicular to the target's track and passing through the 
meemsSMmitter location. The CPA to the receiver is solved in 
a Similar manner. If movement in either the X or Y direc- 
tions is less than 0.1 nautical mile, the CPA is established 
Pemesetting the CPA coordinate for the small changing axis to 


mientvarget's original position corresponding coordinate and 
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mae alternate coordinate to the corresponding alternate co- 
meadinate of the transmitter or receiver. For example, if 
the X coordinate of the target's positions changes less than 
O71 nautical mile, the CPA to the receiver a6 set to the XK 
@eerdinate of the target's initial position and the Y co- 
ordinate of the receiver's position. 

The radar horizon for the transmitter and the receiver 
are then compared to the distance to their respective target 
track CPAs to determine whether the target enters the radar 
horizon of both the transmitter and the receiver. If it 
fails to enter both, the routine is exited with a no detec- 
tion. Otherwise, the times that the target first appears 


above and disappears below the transmitter and receiver ra- 
dar horizons are computed. The time interval that the tar- 
get is simultaneously above both horizons is determined by 
taking the maximum of the appearance times and the minimum 
of the disappearance times. If the target is never simul- 
taneously above both norizons; or the appearance time is 
greater than maximum game time; or the disappearance time is 
Meror to start of game time, the subroutine is exited with a 
no detection. 

Next, detection times for the target based on radar 
Signal strength are computed, and the intersection of these 
mame Intervals with the above joint radar horizon time in- 
terval determines the time during which the target is de- 
tected. No detection occurs if the intersection of the two 
meme SeCCLS (1.e. radar strength detection and radar horizon 


Betection) is the null set. 
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If a detection has occurred in the clear environment, 
Tne subroutine checks to see whether any jammers are in use 
and if they are on the Same frequency band as the bistatic 
radar. IKIf jammers are in use, the time that the target 
meraves at its midpoint in the bistatic detection envelope 
is determined. This time is uSed in arriving at an average 
jammer position to compute the jamming power at the radar 
during the detection phase. This will tend to provide a 
somewhat conservative estimate of detection ranges in the 
face of jamming because the jammers are in general going to 
be nearer to the radar and the range square losses of the 
jamming power will be reduced. In the case of the station- 


Bayetarecet, midpoint time is set to an arbitrary three min- 


) 


=- of. ’ A > Co J ob Ree te ~ Oe ee sm +n ma 17 Aes FCAw on ont yY 4. 2a 
Mves alver Start Ci game time to allow for some movement of 


the jammers toned the force. The subroutine then adds the 
jamming power from each jammer. It does this by checking 
ail ot the raiders to determine if the individual raider has 
been shot down prior to the midpoint time, and if the jammer 
is above the radar horizon and is jamming on the frequency 
band of the radar. If these conditions are met, the sub- 
routine examines the geometry of the jammer's position and 
the radar to determine the relationship between the jamming 
and radar antennas. With this relationship, the appropriate 
side-lobe/main beam antenna coefficients are used to adjust 
the jamming level. 


The constant in the pistatic range equation is then ad- 


jgusted to reflect the jamming environment and the computation 
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previously conducted in the clear environment are repeated 
to determine whether detection will occur in the jamming 
eeLtuation. 

The subroutine exits with the number of detection zones 
wiebeh occurred; the time and range of initial detection in’ 
mee tirst zone, the time of last detection in the first 
zone; and, if applicable, the time and range of first detec- 
tion in the second zone along with the time contact is lost 


in the second zone. 


17. SUBROUTINE DTIMD 
Subroutine DTIMD is a double precision subroutine that 

determines the real and imaginary roots of the fourth order 
polynomial which is used to solve for the bistatic radar de- 
tection times. The subroutine employs the Newton-Raphson 
iterative technigue with the final iteration on each root 
performed using the original Se Catent rather than the re= 
duced polynomial to avoid accumulated errors ‘a the reduced 


polynomial. The subroutine was obtainea from the Naval 


meeveraduate School Computer Center library. 


foe = SUBROUTINE CPA 

subroutine CPA obtains the closest point of approach of 
a target's track to a reference point by solving the simul- 
taneous equations of the line representing the target's 
track and the line through the reference point and perpen- 
aeular to the target's track. Checks are conducted for 


target tracks which pass through the reference point, 





represent stationary targets, or targets which have only 


manor changes in either the X or the Y direction. 


19. SUBROUTINE REACT 

Subroutine REACT allows the use of reaction time delays 
through the use of probability distribution functions. This 
MeeOuvine iS Similar to, if not identical to, one developed 
for use in FLOATS by APL at the Johns-Hopkins University. 
The distribution functions may be entered for seven classes 
peedelay. They are: 


1 Maeteinaervectabitlity to actual. cetection: 


2 Detection to ID and designation to the weapons 
direction equipment. 

3 Director assignment delay. 

A Director acquisition delay. 

& Pye tcce a y . 

6 Target detectability to detection for horizon 


Scan moue. 


7 Decision delay in horizon scan mode. 

Within these class areas, up to five separate types may 
be designated. REACT uses the type and class numbers to de- 
termine a delay time which it returns to the calling sub- 
mewreane. REACT is called by SUBE1L, SUBE2, and SUBES. 

REACT in turn calls only RANDOM. 

The inputs to REACT are the class number and type, and 
the output is the delay in minutes. The class number is. 
used to locate that portion of the XK-array where the delay 
1s stored. The type number is used to localize the address 
within the area. In employing its Monte Carlo technique, 


meet ecalis RANDOM and converts the returned uniform (0,1) 
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number to an Pee If this integer is 10, the subroutine 
sets it equal to 9. If the integer is zero, the RANGE, de- 
fined as the difference in time between two adjacent blocks, 
Hoeset equal to the value in the first block. Otherwise, 
the address is determined using the class and type numbers 
and then adding on the integer. The delay consists of two 
Merc, ithe first part is the time in the address block. 

The second part is determined by drawing another random hun- 
ber and multiplying it by RANGE. Except in the case where 
the integer is zero, RANGE is determined by subtracting the 
time in the address block from that in the next higbest 
meek. iin the "zero" case, the total delay consists of this 
fraction of RANGE. In all other cases, the fraction of 
menGH is added to the time stored in the address block to 
@evain the total delay. At this point REACT returns to the 
@ebiing routine. 

As an example of a distribution function, consider the 
merrtines time for an aircraft for a catapult launch. Data is 
available for one hundred aircraft. The maximum etre 
time was seven minutes. The distribution of waiting times 


was as follows: 
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An Example of Waiting Time 
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mac plot of 


length of time waiting against number of occur- 


mences would look like this: 
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Figure B4 


Histogram of Waiting Times 


The probability of waiting between 0.0 and 1.0 minutes is 


oe, the probability of waiting between 1.0 and 2.0 minutes 


Moe0.4. When the histogram is transformed into a cumulative 


Probability 
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CUMULATIVE FROBABG/ 


Gtsetriputvon Lunmetion, the following results. 
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Cumulative Distribution Function of the Waiting Times 
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\ 


mgs GQistribution is what is entered in the X-array. 
Mae tirst block would contain the time for .1 cumulative 
probability. This would be one minute. Block two that for 
memeumulative probability, or 1.25 minutes, and so on up to 


bplock ten which would have entered a seven for seven minutes. 


foe SUBROUTINE PRIOR 

Subroutine PRIOR is called by SUBE3. PRIOR calls REMOVE, 
STOREV, LOCTIM, ASMTIM, TARGET, and if X(55) is set, GETIMX 
@meentry and exit. The purpose of PRIOR is to determine the 
most threatening target among those that a system may choose 
from at present game time. 

PRIOR first computes the value CHECK for the target 
being compared. CHECK is defined as maximum missile system 
range divided by present target range. ‘TARGET is called to 
peovide PRIOR with a candidate for comparison. The same 
measure of threat is obtained for the candidate target and 
stored in CHERRY. If the present value in CHECK is greater 
than or equal to CHERRY, PRIOR goes to the next candidate, 
meepnere is one. If CHERRY is greater than CHECK, the val- 
fesoeOot target number, channel number, and target position 
are saved. CHECK is made equal to CHERRY and PRIOR seeks a 
new comparison. 

If the value returned by TARGET in MORE is not zero, 
there is another candidate to be evaluated. . If MORE is zero, 
faere are no more Comparisons to make and the final section 
MeePRIOR is entered. The storéd value of most threatening 


target number is compared with the target sent to PRIOR 


ok 
€) 
CO 





fe inaliy trom SUBES. If they are the same, the subroutine 
exits. If PRIOR has found a more threatening target, REMOVE 
is called to take the type 3 event associated with the new 
mameet out of the events list. STOREV is then called to 
enter a type 3 event for the target being intercepted. 

The debug switch X(9) is checked at exit and if it is 
set, old target, new target, missile system (in the code 
AABC were AA is ship number, B is system number, and C is 
director number), old channel, and new channel are printed. 


[eoo) 1s checked and PRIOR returns to SUBES. 


me SUBROUTINE RCHECK 

Subroutine RCHECK evaluates the prospective target ship 
memdetvermine if the raider can in fact "see" the target. 
RCHECK is called by SUBE2 and RCHECK calls GETIMX on entry 
mmowexit if X(55) is set. The inputs to RCHECK are the 
raider number and proposed target ship number. The two di- 
mensional distance between the two units is computed. The 
antenna heights on the target ship are compared and the 
tallest one is used to determine the ship's radar horizon. 
Mmeuhe ship has no radar, a height of 15 feet is entered. 
The combined radar horizons, maximum theoretical radar range 
of the raider's radar, and the actual range are compared. 
If the target is within both the radar horizon and the maxi- 
mum radar range, the go/nogo flag is set to zero. If either 


test fails, the flag is set to one and the subroutine exits. 


134 





22. SUBROUTINE TMDASM 

This subroutine determines if the target, or other unit 
in question, will enter within a certain input range of a 
meee unit, and if so,-at what time will it enter and leave. 
TMDASM is called by SUBE1, SUBE2, and TIMMY. ‘TMDASM in turn 
Sallis GETIMX on entry and exit if X(55) is set. 

TMDASM begins by determining the range from the refer- 
ence ship to the target unit. If this range is less than or 
equal to the input range, the time of entry is considerea 
Memeen the input time. If the range to the target unit is 
sreater than the input range, TMDASM determines the slope of 
a line representing target unit movement. Using this and 
the present target unit position as a reference point, TMDASM 


ae . 8 5) 9 = 2 ee db Se 8 = ot oS Sat Al rN ene ~~ on Oe o + - nm 
MOMs Lic itnue cyuation. This Gauation ana the equation fox 


mecircle with eagebur equal to the input range are solved 
Simuitaneously to determine the points ofr intersection. 
This is done by substituting the line equation into the 
Gircle equation and solving the quadratic equation. If the 
roots are imaginary or equal, the entry is either not made 
or the length of stay is infinitely small. These cases are 
megeerecd aS no solution. Upon finding two real roots, one 
Subroutine determines which of the two points the target 
unit would reach first, and which one it would reach second. 
Meee target unit is already further down its track than 
the exit point, no entry is indicated. Otherwise the time 
of leaving the circle is determined and, if the target unit 


feo not already inside the circle, the time of entering. 





Zee SUBROUTINE TMDBOM 

This subroutine determines when the raider in question 
will reach a given range from the force center, position 
(6,0). TMDBOM is called by MAIN, and JULIE. TMDBOM in turn 
fais GETIMX on entry and exit if X(55) is set. 

TMDBOM proceeds in the same way as TMDASM except that 
the reference position, center of the range circle, is al- 
ways force center instead of a firing ship. TMDBOM only 
computes the time that the raider will cross a given range. 


It neglects the departure time. 


24. SUBROUTINE ZLNKA 

Subroutine ZLNKA is a copy of the subroutine eval O gab . 
mentioned below, as it existed on 1 February 1975. ZLNKA 
inputs a vector of-real numbers and an ordered vector of 
integers. ZALNKA reorders the real vector from smallest to 
largest and reorders the integer vector to the same order as 


the real vector. ZULNKA is called by TIMMY. 


ao) SUBROUTINE TJSORT 

subroutine TJSORT is a modification of the subroutine 
SHSORT which is available from the Naval Postgraduate School 
Sompucer library. TJSORT is called by SUBE2, and BIDET. 
This subroutine inputs a vector of real numbers and rear-. 


ranges them from smallest to largest. 





26. SUBROUTINE LOCTIM 

LOCTIM computes the raider position at time T. It is 
called by MAIN, SUBE1, SUBE2, SUBES, JAMM, BIDET, TIMMY, and 
PeeOR. LOCTIM in turn calls GETIMX on entry and exit if 
P{o9) is set. 

LOCTIM first determines raider velocity and the time of 
Memraider poSition stored in the RAID table. The distance 
the raider travels between the present time and the stored 
time (DL) is computed. If the velocity is zero, present tar- 
get position is set to the initial position and the program 
exits. The distance between the stored position and the end 
of game position (D) is determined and the ratio DL/D is com- 
puted. The X,Y position at the time desired is determined 
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where 
KP is the X position at the time of interest 
YP is the Y position at the time of interest 
XZ is the stored X position 
iets tne Stored Y position 


AX is the distance between XZ and the end of game 
position 


AY is the distance between YZ and the end of game 
position 


DT is the ratio DL/D 


dod 





If the input flag IND has been set.to 5, the new time 
mad position are stored in the RAID table, otherwise the 


Suproutine exits. 


27. SUBROUTINE ASMTIM 
ASMTIM computes the ASM/SSM position at time T. It is 
fealled by SUBE3, TIMMY, and PRIOR. ASMTIM calls GETIMX on 
entry and exit if X(55) is set. 
mnie Logic of ASMPIM is identical to that of LOCTIM but 
the definition of variables has been changed. 
XZ becomes the ASM/SSM X launch coordinate 
YZ becomes the ASM/SSM Y launch coordinate 


AX becomes the distance between the launch position 
and the X coordinate of the target ship 


7. e « e 
AY becomes the distance between the launch vosition 


wv a ~~ 


and the Y coordinate of the target ship 
The ASM/SSM position is now computed in the same manner 
as in LOCTIM and the subroutine exits. The positions are 


not saved by ASMTIM. 


28. SUBROUTINE RANDOM 

Subroutine RANDOM is a generator of Uniform (0.0, ee OD) 
random numbers. It was programmed by Gerald P. Learmouth, 
of the W.R. Church Computer Center, Naval Postgraduate 
memQol. The following is taken from the library description 


Of the subroutine: 
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"The basic generator is a Lehmer congruential 
of the form: 
ae) = Keach LT eMeb: CP) 

where A = 7**5 = 16807 and P = (2**31)-1. The 

mesuibping ACN)'s are uniformly distributed random 

integers between 1 and P. The uniform REAL*4 num- 

bers are formed by right-shifting the integer X(N) 

and appending a proper floating point exponent to 

form a number between O.0O and 1.0." 
eo, SUBROUTINE ilISTG 

eubroutine HISTG is found in the subroutine library of 
meee Naval Postgraduate School subroutine library. A copy of 
HISTG has been included at the end of the program. The sub- 
routine is used if the user wants a statistical display of 
the number of hits a certain specified BLUE unit will take. 
meso provided is a statistical display of the time interval 
over which the RED missiles arrive, and one of the hits per 
minute. A histcgram of the selected parameter is provided in 
Mmecases, HISTG is called by MAIN just prior to run com- 


pletion if *(85) has been set and the conditions detailed in 


section V.B have been met. 


20. SUBROUTINE RAIDIS 

meas subroutine provides a plot of the raider tracks 
meem tCHeCIT initial position to launch position. The maximum 
size of the plot is 800 nm from force center. In the case 
where a raider does not launch weapons, the 30 minute game 
time position is used a8 cme terminal pein of the track, 
Miethe launch or 30 minute position is more than 800 nm from 
merce center, a label of "no launch" is displayed at the 


Beraer's initial position. 





fe )=SUBROUTINE DISPL 
DISPL is Similar to RAIDIS except that the BLUE unit 
positions are plotted and they must’ be within 200 nm of 


force center. A 100 nm range circle is included in the dis- 


play. 


2. SUBROUTINE SETIMX 
makes SUubreutine sets the internal clock to zero. The 


entry GETIMX gives the internal clock time when called. 


So. FUNCTION RADIAN 
The function RADIAN converts degrees to radians. It is 
called by MAIN, JULIE, and TIMMY. The conversion is done 
wath: 
RADIAN = RD * 0.017453293 
where RADIAN is the output angle in radians and RD is the 


input angle in degrees. 
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faved eA GN DID a te: 


RADAR DETECTION RANGE INPUTS 


This appendix provides the equations used to determine 


the 8 and a inputs for the individual radar classes. 


1. CLEAR ENVIRONMENT 

8 is the range at which a one Square meter target can be 
agetected in a non-Jjamming environment. It is a constant of 
the radar system and in the monostatic case provides the 
manee of detection for ane radar by the relation: 
Range = B(o)4 where o is the target's radar cross section. 
Seae seneral equation for 8 is: 


P, Gaz 3 
5 Ca) rare el 
ee Cn) 





where PL is the power of the ee eier ih watts; Gis the 
antenna gain coefficient; A is the radar wave length in 
meters; and Pi is the minimum detectable signal of the radar 
meth appropriate consideration for probability of detection 
and propagation losses. If the above units are used in 
Sareculating 6, the result will be a detection range in meters 
whaaeh must be converted to nautical miles for use in the 
mulation. Values of 6, in nautical miles for a one square 


meter target, are reported in Ref. 9 for standard U.S. Navy 


radar systems. 
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Mretne case Of the bistatic system, the equation for 8 
becomes 
p G,G.A° 4 
(iy 
where the possibility of different gains of the transmitter 
and receiver must be considered and the propagation losses 
in P. must take into consideration the differences in the 
transmitter to target path and the target to receiver path. 
MPaGitionally, in the bistatic situation, the detection 
range 1s foe only a function of the range from the receiver 
(RL) Pomc tartetebut it 1S also a factor of the range from 
the transmitter (Ri) to the target. Thus the bistatic range 


equation becomes 


ee Agee 


The monostatic radar cross section provides a suitable esti- 


feee 2Or the bistatic radar cross section [Ref. 10, p. 592]. 


2. JAMMING ENVIRONMENT 

® is the range at which a one square meter target can be 
detected in a jamming level of one watt/mhz. The burn through 
range for a monostatic radar in a multiple-standoff jamming 


environment is: 


al 1 
ne a 
Rig = a°(0/SIP) 


where o is the target's radar cross section and SJP is the 
sum of the jamming power arriving at the radar. The jamming 


power from an individual] jammer on the radar's frequency 1S 
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a function of the power of the jammer; the side-lobe/main 
mean relationships between the jammer and the radar; and the 
square of the range from the jammer to the radar. The equa- 


fron is: 


SO ha) Re 
i 1 ele a 


where C. is the side-lobe coefficient for jammer i and the 
radar ; JP is the jamming power of jammer i on the radar's 
frequency; and Rs is the range from the jammer to the radar. 
fers LOund by the relation: 


4 3 1 
18, LOC 


— ‘AnB S/T)? 


where P, is the power of the transmitter; G is the gain of 


ct 


a] 


the raaar (in bistativc Systems G is the square root of the 


peeecuct of the transmitter and receiver gains. ); Bo is the 
receiver bandwidth of the radar; and S/J is the signal to 
jamming ratio for the desired probability of detection and 
appropriate propagation losses. In the bistatic range equa- 
tion in a multiple standoff jamming environment, the burn 


through range is found in amanner similar to the clear en- 


waeronment to be 


al 
= 2 
Rueky = aCo/SIP) 


where Rit See DUrN through range, Re is the range from 
the bistatic transmitter to the target and the remaining 


mrecetors are as defined above. 
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APPENDIX D 


PROGRAM ARRAY LISTING 


This appendix provides an alphabetical] listing of the 
principal arrays used in the computer program. The stim 
contains the values of the arrays for the indicated array 
arguments. The arguments for the arrays are specified in 
the heading of their respective listing. The dimensions of 
the individual arrays are stated in the COMMON statement at 


the beginning of each subroutine. 


ASMT (I,J) 

The ASMT array contains data concerning the RED missiles. 
I AMS/SSM launch seauence number 

J=1 ASM/SSM status code as follows: 


Launch failure 

Successful launcn 

Killed by SAM 

imesh, farlure 

Hit target ship 

Launch platform shot down or sunk 
parore Lo Launch 


Oh WNEH © 
i ut i t 


J=2 Time of impact on target ship 
J=—S kare number of launch platform 
J=4 Target ship number 

Jo tamerot lainceh 

J=6 Weapon class 

J=7 X coordinate of launch position 


J=8 ¥ coordinate of launch position 
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CHANEL (I,J,K,bL) 


An array used to keep track of which channels are busy. 


I Ship number 
J System number 
K Director number 
L Channel number 
O = Free 
1 = Busy 


JACK (I,J) 
This array stores the engagement and detection statistics 
mer individual ships. 
I Ship number 
J=1 Chances to engage. The number of targets that 
will enter within the maximum missile range of 
the ship 
J=2 Number of engagements 
J=3 Number of targets destroyed 
J 


Ae tThesmum@eer Gt cralcers that will enter the mis-— 
Sile envelope. 


J=5 The number of raiders that will enter the en- 
velope and are detected 


J=6 The number of ASM/SSM that will enter the 
envelope 


J=7 The number of ASM/SSM that will enter the 
envelope and are detected 
NADAR (I,J) 
This array indicates the operational status of the on- 
board BLUE equipment. 


I Ship number 
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J) SSearcne radar nmunoer 2 
QO = down 

JEU, 

1—Jeeoearch radar number 2 


J=3 Search radar number ¢@ 


J=4 Battery one, fire control radar number 1 


down 

operational normal mode 

no director needed for missile 
operational in horizon scan mode 


So) RO aS, 


ell leat 
+ 


J fmoatvery One, Lire Control radar 2 
J=6 Battery one, fire control radar 3 
t-fwebavlery two, tire control radar 1 
J=8 Battery two, fire control radar 2 
t-o Battery two, fire control radar 3 
P=TOebatteny tiwee, Lire control radar 1 
J=11 Battery three, fire control radar 2 
J=12 Battery three, fire control radar 3 
J=13 Battery four, fire control radar 1 
latowbabvery Lour, Lire e@emerol radar 2 
J=15 Battery four, PaveECcOmemel radar 3 


J=16 Launcher for battery one 


0 
1 


non operational 
operational 


J=17 Launcher for battery two 
J=18 Launcher for battery three 


J=19 Launcher for battery four 
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RAE CT sal) 
This array stores information on the raider's location 


and weapons. 


I Raider number 

J=1 Meeveeror Starting index of the raid class 

J=2 Minin hate tatdewas a2escOStLion inagicared in 
J=3,4 

J=3 M@cooradinagre at time 7 

J=4 YEcoordinetesat time T 

J=5 X coordinate at end of game 

J=6 Y coordinate at end of game 

J=7 X coordinate at launch if the raider has weapons 
and can reach the launch position, otherwise 
the X coordinate at end of game. 

J=8 Y coordinate at launch, same as J=7 

J=9 Raider altitude in feet 

J—-10" Raider’s radar horizon 

J=11 Weapon class of raider's longest range weapon 

J=12 Total number of weapons assigned 

J=L Se oLauus 

QO = destroyed or sunk 
N = number of hits the raider may take until 
destroyed 

J=14 X coordinate of raider at end of game or X 
coordinate of target ship for ASM/SSM launched 
by raider I 

J=15 Y coordinate comparable to J=14 

J=1G6 Time raider will reach second launch point if 
it 1S carrying two types of missiles 

J=17 Time the raider was destroyed 
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SAMASM (I,J) 


This array contains information covering the BLUE missile 


launch, target, engagement outcome, and probability of kill. 


The 


mnits. 


i 


J=1 


= 
Il 
ho 


T 
ee) 


Cy 
lI 
ifs 


on 
I 
on 


See 


BLUE Salvo number 


Target number, 1-90 are raiders, 91-191 are 
ASM/SSM 


Ship number followed by system number 

Director number followed by channel number 
Tome ot Taunceh 

Engagement outcome. Negative number indicates 
an overkill, zero a failure, and a positive 
number a successful shot. 


Time the channel will be free for reassignment 


pang ie shoe probabmlity of wer) 


oy dE 1 ee 


array contains information concerning the BLUE 


Ship number 
Ship class 
Recoorcinave or ship position 
VeEcoordinatesot, ship position 


Number of hits ship can receive until declared 
MiuOotmetcrT Ohm tno se chip iS Out Of action. 


Si telLass Starting index 
Missile status code 


O no missile capability 
1 missile capability 
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SMAT (I,J) 


The SMAT array lists the results of the SAM firings. 


J SAM number 

J=1 SAM class index 

J=2 Firing ship number 

J=3 Number of missiles remaining in the battery 
firing the SAM | 

J=4 Mines hitreomeconmueo tL radar channel free 

J=5 Time fire control radar channel free 

J=6 Miiewirre secOnkrok tadar channel free 

J=7 Time fire control radar channel 4 free 

J=8 Dinca tre sconprol radar channel free 

J=9 Time fire control radar channel free 

J=10 Number of SAMs in the salvo 


Sl Ar: iC be) 
miewoltATS array is used to compile statistics concerning 


mene BLUE Mina tS; 


I Ship number 
J=1 Sum of the detection ranges on raiders 
J=2 sum of the detection ranges on missiles 
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ar. 


ALFA 


AMF 


ASMT 


BWJ 
BWR 


HISA 


HISO 


HISTG 


HISX 


IBAT 


IFAG 


PE BG 


eH TT 


fir 
IKS 


ILF 


APPENDIX 1 


GLOSSARY FOR PROGRAM VARIABLES 


MAIN PROGRAM 


REAL*8 variable used for conversion of degrees to 
radians. 


Small real constant used for conversion from float- 
ing point variables to integer variables. 


The table containing RED ASM/SSM launch and target-— 
Pie intormnal ion - 


Beam width of the jammer. 
Beam width of the radar receiver. 


Vector used to store data for use with subroutine 
HaeSG . 


Vector used to store data for use with subroutine 
Hal Sa . 


SUonOwrine ine thne NPS computer library that pro- 
vides a histogram display of an input vector. 


Vector used to store data for use with subroutine 
PSG. : 


An array used to keep track of the number of mis- 
Siles remaining in each missile battery of a BLUE 
(ol gl abe 


Integer constant containing the number of RED mis- 
Siles engaged by the BLUE fleet. 


Integer constant containing the number of RED 
raiders engaged by the BLUE fleet. 


Vector containing the number of hits received by 
each BLUE unit. | 


Ties wumecr OL RED missiles that failed in Tlight. 
The number of RED missiles shot down by BLUE SAMs. 


The numer of RED missiles that failed when launched. 





IMF 


IMK 


IMM 


INSECT 


IRT 


ISAG 


ISBG 


ITS 


JACK 


KOUNT 


MARY 


NADAR 


NASM 


NI 
NMIF 
NR 


NRTGT 


The number of RED missiles that were in flight at 
the end of the iteration. 


Pie UMwe nome RED em SSi lesedestroyed when the 
Heavnchiane alrerait Or shiv was destroyed. 


The number of RED missiles destroyed by SAMS over 
a einer at dons, 


The number of RED missiles destroyed prior to launch 
over all iterations. 


The original seed value used with the random number 
generator. Used to reproduce the random number 
Chain if X(54) 1s set to 1. 


The starting address in the X vector for the next 
five input quantities. 


An array containing the number of RED missiles 
first engaged by each BLUE ship. 


An array containing the number of RED raiders first 
engaged by each BLUE ship. 


The number of RED missiites that impacted on their 


toraot 
ws er um wm ws 


The array containing the BLUE ship detection and 
engagement counters. 


The iteration number. 


The vector containing the data for the hit fre- 
quency histogram. 


The array that stores the BLUE radar and missile 
System availability for each iteration. 


The number of ASM/SSMs. 


Index used to convert true bearings to cartesian 
bearings. ; 


The number of iterations to be performed. 
The number of missiles in the BLUE fleet. 
The number of armed and unarmed RED raiders. 


iiemweOtOnncOMtalmine tne RED units target List 
assignment. 





NS 
NSAM 
PLIST 


RAID 


RAT 


RXATA 


SAMASM 


SET IMX 


SHIP 


The number of BLUE ships. 
The number of BLUE missile salvos fired. 
The array containing the target lists. 


The table containing the RED raider position and 
weapon information. 


REAL*8 variable used to convert degrees to radians. 


Dummy array used to read in data and f1ill the X 
VeECLOr. 


The array containing the BLUE missile RED target 
engagement information. 


inemsoibroutine that sets the internal clock if 
MOO) 1S set to iL. 


The table containing the BLUE ship position infor- 
Maelo 


The table containing the BLUE missile battery en- 
gagement data. 


2. SUBROUTINE EFFECT 


IUNIT 


NEXTEV 
TIME 


TIMES 


The code containing the units involved in playing 
the next event. 


The next event type. 
The time the next event is to be played. 


The internal clock time used for entry and exit 
ii A@eo) 1s set. 


Se SUBROUTINE JULIE 


BNG 


CHANEL 


TA 


A REAL*8 variable used to convert degrees to radians. 


The array that keeps track of which BLUE missile 
channels are busy. 


tice se VveCrecr ogdress of the fire control racar 
class number. 





BAT 


IC 


we AG 


EE BG 


meIRST 


IFLASK 


I FOG 


IGAGE 


PET 


IJ 
IOR 
IP 
Is 


ISAG 


ISBG 


gh 


ITEMS 


IVENTS 


JACK 


The array that keeps track of the number of BLUE 
missiles remaining in each battery. 


The radar class of the fire control radar associated 
with the number one director of the indicated BLUE 
missile battery. | 


Integer constant containing the number of RED mis- 
Siles engaged by the BLUE fleet. 


Integer constant containing the number of RED 
raiders engaged by the BLUE fleet. 


Flag used for checking a target's priority. 
Flac used to set the time by which all RED raiders 
Macemreeach thelr launch point in order to launch 


bnetr missiles. 


Flag to indicate a) horizon search mode, and 
b) the system has a launcher that is operable. 


A vector that keeps track of which targets have 
been engaged by BLUE missiles. 


A vector that keeps track of how many hits each 
BLUE unit has taken. 


The ship class starting index in the X vector. 
The raid class starting index in the X vector. 
Missile system class number. 

The ship class starting index in the X vector. 


Integer constant to determine how many RED missiles 
the ship was the first to engage. 


Integer constant to determine how many RED raiders 
the ship was the first to engage. 


Search radar class number. 


The number of events that have been retrieved from 
the events list. 


The array containing the events list. 


The array containing the ship detection and engage- 
ment statistics. 
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JAM 


KFOG 
LOVER 


MAMBAT 


MISLEFT 


NADAR 


NASM 


NONO 


NR 
NS 
NSAM 


PROB 


RAID 


RELOAD 


RGE 


SHIP 


SMAT 


STATS 


TGTAV 


The vector that keeps track of the number of jammers 
operating on a given radar frequency band. 


Flag to indicate that a search radar is available. 
The nuinber of events in the events list. 


PMiemuumoer OL missile batteries available to the 
Biws force. 


The array that keeps track of how many missiles a 
RED raider has left on board. 


The array that keeps track of the operational mode 
of the BLUE equipment. 


taemniulinoer Of RED missiles. 


The array that keeps track of engageability of a 
RED unit or missile with respect to each BLUE unit. 


The number of armed and Wnarmed RED raiders. 
The number of BLUE units. 
The number of BLUE missile salvos. 


The probability that a given piece of equipment is 
operational. 


The table with the raider location and weapon in- 
Hema tO. 


The array that stores the time the launcher will 
Hemheloadeca bywaitvorea Missile firing. 


The launch range of the longest ranged missile 
carried by each raider. 


The table containing the ship position information. 


The table with the BLUE missile system launch in- 
IEONA NEES We ILO) 0) 


The table of BLUE detection ranges. 


The table that tells when a target will be avail- 
able for engagement by another BLUE unit. 
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4. SUBROUTINE EVENT 


mCODE 


iD 


tT 


ITB 


ITEMS 
ITIM 
ITM 
tN LT 
IVENTS 


IVET 


LOVER 
NEXTEV 
NUMBER 
i 


TIME 


The participating units-event tyne code that is 
Taher vene Vents List. 


The event type. 


The time of the event converted to the integer 
format used to store it in the events list. 


Used to determine where in the events list the next 
event to be stored should go. 


Perdomo  CVeiLS retrieved . 

The time as stored in the events list. 

The time as stored in the events list. 

The units involved in playing the next event. 
The events list. 


The participating units as stored in the events 
list. 


Deere ot Svents stored in the events 1 
The next event type. 
The code for the participating units. 


The time of the event. 


The time of the event. 


ap SUBROUTINE REMOVE 


IUNYT 


IVENTS 


LOVER 


The code stored in the events list of the event to 
be removed from the events list. 


The events list. 


The number of items in the events list. 


6. SUBROUTINE TARGET 


TFIRST 


‘ih 


The flag that indicates that the counter has been 
zeroed. 


The game time in events list code. 


Je, 





IUNIT The code of the event to be compared by PRIOR. 

IVENTS The events list. 

MORE thiewrlkas indicating that there is an event with 
the same playing time and of type three. 

NPGS The counter that is used as an index in searching 
the events list. 

TYME Present game time. 

a. SUBROULINE SUBEL . 

ALT The raider's altitude. 

AREA nee te@llreh MOGt OlLeLtne rarcner'’s radar cross section. 

DELR The detection delay. 

FCRH Gane, radar norizon of the tire control radar. 

FRG The minimum of the clear environment detection 
range, the radar horizon, and the radar's theo- 
retical maximum detection range. 

HFCSR inewradar horizon of the fire control radar. 

HORZ The combined radar horizons of the radar and the 
target. 

HRAG mae COMVanea sacar horizons Oo: the radar and the 
target. 

HRFC The combined radar horizons of the radar and the 
ee Cie 

HSFR The minimum of the clear environment detection 
range, the radar horizons, and the maximum theo- 
retical detection range. 

HT The height of the fire control radar antenna. 

IA Used to check the class numbers of the various 
systems. 

are Missile system class number. 

ICH Used to enter the NADAR table. 

ECL, tire COntvolemnair class number. 





ICPA 


IFA 
eC 
erCR 
If 
IR 
> I 
JACK 


JAM 


J AMM 


JCPA 


JFOG 


KEY 


KFLAG 


LCPA 


MFOG 


MJL 
MTY 
NADAR 
NASA 
NASM 
NB 


ND 


Flag telling whether the target will come within 
the maximum detection range. 


Integer to store the radar number. 

Integer to store the battery number. 

Fire control radar class number. 

Radar frequency band. 

The raid number. 

The ship class starting index in the X vector. 
The table of engagements and detections. 


The table that keeps track of how many jammers 
there are on each radar frequency band. 


The subroutine for determining the detection range 
of a monostatic radar in a jamming environment. 


The flag that tells whether or not the target will 
come within the detection range. 


The flag that tells whether or not this is the 
second bistatic detection zone. 


The type of probability distribution associated 
with this unit's time delays. 


Flag that says that this unit has a search radar 
that 1S operational. 


Flag that tells whether or not a target will close 
to within the detection range. 


Counter giving the number of second bisStatic de- 
tection zones to be processed. 


Index for table lookup. 

Missile system class number. 

The table containing the equipment availability. 
The flag mC ae e PAAvenarder ts am agircral ty. 
The number of ASM/SSM launched or destroyed. 

The battery number. 


The number of bistatic detection zones. 
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NF 


NFOG 


NJ 
NONO 


NSR 


NSURF 


PROB 
RAGJ 


RAID 


RCPS 
REACT 


Cal 


RG 


RGE 
RGF 
RGEC 
RGI 
RGIA 
RGIB 
RGIC 
RGM 


ine 


RRFC 


The director number. 


Flag telling whether or not there are any more 
bistatic detection zones to check. 


The number of jamming raiders. 


The table that contains the reason for non- 
engageability. 


The search radar index. 


Flag that says that this ship has a surface to 
surface missile system. 


PEenability of acguisition. 
Detection range in a jamming environment. 


The table with raider location and weapon informa- 
tion. 


Range at CPA squared. 
Subroutine for determining reaction time delays. 


Fire control radar detectian range in the jamming 
env LF OnMent . 


The minimum of the clear environment detection 
range, the radar horizon range, and the theoreti- 
cal maximum cCetection range. 

Detection range. 

Jamming environment detection range. 

Detection range of the fire control radar. 
Detection range in a Jamming environment. 

Storage for second bistatic detection range. 
Storage for second bistatic detection range. 
Storage for second bistatic detection range. 


Missile range. 


The maximum detection range, or present target 
position, whichever is smaller. 


Ce weeny! bonmeoiee tare COntrol radar detection 
range. 


fos 





RRH 


R2 


SALT 
SAMVEL 
oui P 
SIGMA 
SRAG 


SREFC 


STATS 


SVEL 


THR 
THSCAN 
eT 
TIME 
TIML 
TIMLA 
TIMLB 


TIMLC 


Ragdarenorizon of the search rada®. 


The detection range in the second bistatic detec- 


Elon Zoue. 

The radar horizon of the raider. 

The BLUE missile's speed. 

The table with the ship position information. 
The raider radar cross section. 

Missile range. 


Fare Control radar clear environment detection 
range. 


Ship's detection range storage. 
Missile speed. 
Time raider will close to the given range. 


The designation time delay. 


aA a 


MAA tama nF dAatoet 
ae od NY Ww Vw ee ot Aw ws & 


The time of detection in the second bistatic de- 
tection zone. 


The last time to fire. 
The firing time delay. 


Time the target will close to fire control 
acquisition range. 


Theoretical radar maximum detection range. 
Horizon scan detection delay. 

Time the target will close to the given range. 
Present game time. 

Time the target will go beyond the given range. 
Storage for lose detection time. 

Storage for lose detection time. 


Storage for lose detection time. 


Wea KS, 





TIML2 


TLS 
TRGE 
TSHOOT 
TSR 


rA 


oC 


TWDS 


VEL 
ACP 


me P 


Time ort lose detection in the second bistatic de- 


tection zone. 


Basu time vo fire. 
Time of detection. 
iime of “launch. 

Total reaction delay. 
Storage for detection time in second detection zone. 
Storage for detection time in second detection zone. 
Storage for detection time in second detection zone. 


Reaction time delay for weapons designation equip- 
ment. 


Raider speed. 
The X coordinate of the CPA. 


The Y coordinate of the CPA. 


3. SUBROUTINE SUBE2 


ALT 


ALTN2 


AREA 


ASMT 


DELR 


DELTAX 


DELTAY 


PEST 


HORZ 


Altitude of the RED ASM/SSM during flight in feet. 
Altitude of the RED ASM/SSM squared in miles. 


Theswlourth root or the radar cross sectional area 
of the RED missile. 


The table containing RED missile launch and target- 
Meer rorma tiLon- 


The detection time delay. 


The distance in the X direction between the target 
Ship and the ASM/SSM launch point. 


The distance in the Y direction between the target 
Ship and the ASM/SSM launch point. 


The three dimensional distance from the ASM/SSM 
launch point to the target ship. This distance 
assumes launch at cruising altitude. 


The combined radar horizons of the firing ship and 
the RED missile. 
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HRAG 


lay 
TA 
HC 
ICL 
COP 


ICPA 


DP 


IFA 
IFC 
ae R 


IFLAG 


IFLASK 


IHIT 
IJ 
IJI 
TOU 
IPQ 
Nags 
ir 1 
JACK 


JAM 


J AMM 


The combined radar horizons of. the firing ship and 


the RED missile. 


The BLUE radar antenna height. 

wore CONLrOr radar class number. 

The BLUE missile system class number. 
Pee contre h vadar Cl1ss saumber. 

Constant for X vector entry set by SUBE2. 


Flag telling whether or not:a RED missile will come 
within the detection range. 


Index counter used to make up the RED raider's 
temporary target list. 


The director number. 
The battery number. 
BLUE missile system class number. 


Patrmindicatineg RED Unit is firing a two missile 
Soa Oo. 


Flag indicating the first air launch has occurred, 
set TMAX. 


Table of hits taken by BLUE See. 

Raider class number. 

Radar frequency band. 

Target ship number. 

Target hit number. 

Raider number. 

Ship class starting index in the X vector. 
Ship detection and engagement table. 


Table that keeps track of the number of jammers on 
the radar frequency bands. 


SUbmeime ine to determine monostatic radar detection 
ranges in a jamming environment. 


IL(ode 





JFLAG 


JI'OG 


KATHY 


KFLAG 


KING 


KQED 


LNUM 


MARIE 


MFOG 


MISLFT 


NADAR 
NASM 
ND 
NEXT 


NFOG 


NJ 
NMIS 


NONE 


NONO 


NOW 


Flag indicating that there are. more second bistatic’ 


Gf@erection zones to evaluate. 


Flag indicating that there were two bistatic detec- 
tion zones. . 


Flag indicating that a second type ASM/SSM is being 
processed. 


Type of probability distribution to be used in 
computing the reaction time delay. 


Flag indicating BLUE unit has an operational search 
radar. 


Flag for one or two missile salvos. 


Flag indicating whether or not raid could target a 
parbveular sBauE unit. 


The class number of the raider's long range missiles. 


Number of hits required to put the BLUE unit out of 
AC @l. 


Counter indicating the number of second bistatic 
detection zones. 


Array to indicate the number of ASM/SSM left on 
peardaa raider. 


The array that stores BLUE Baonient operability. 
The number of ASM/SSMs processed. 

The number of bistatic detection zones. 

Flag indicating the snort range RED missiles. 


Flag indicating there are more detection zones to 
process. 


The number of jammers. 
The number of ASM/SSM of this type to be launched. 


The index used to draw random numbers from the 
rancgom number vector. 


The array specifying the target-firing Ship rela- 
tionship. 


The type missile being processed now. 
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NR 
NRTGT 
NS 
NTOT 


PLIST 


= PROB 


QRT 


RAGJ 


RGE 
RGF 
RGFC 
RGI 
RGIA 
RGIB 
RGIC 
RGM 
RGS 
reel? 


PREC 


tnicwaumoer Of raldaers. 


The target list assignments. 


The number of BLUE units. 
The total number of ASM/SSM on board. 
The target lists. 


iiesprolpability ol aequasSition in horizon scan 
mode of operation. 


The vector of (0,1) random numbers used to deter- 
mine missile launch times. 


The search radar detection range in a jamming en- 
vironment. 


The tabte with the raider location and weapon in- 
formation. 


The slant range to CPA. 
TicekBD Miaessisle Ss inflight reliability. 


AMCOwOL £IPo Control ranar an 
Lad? exe | — aimed ~~ =i — a = a anid ——_ 


Sane a 
BOnien tb. 


The minimum of the clear, jamming, and theoretical 
detection ranges. 7 


Detection range. 

Detection range. 

Fire control radar detection range. 

Detection range. 

Storage for secondary bistatic detection range. 
Storage for secondary bistatic detection range. 
Storage for secondary bistatic detection range. 
BLUE missile range. 

Detection range squared. 

Minimum of present range and detection range. 


Heordzon searen Clear environment detection range. 


HG 





R2 
SALT 
SAMVEL 
SHIP 
SIGMA 
SPD 
SRAG 


DREC 


ORGHE 


STATS 


SVEL 
TAC 
TD 
TDES 
TDET 


TD2 


ie IR 


TFIRE 


TER 


THR 


THSCAN 


RaiGdas Nor t7on. 


(unten ves probability Of targeting this target or 


one previous. 

Second bistatic detection range. 

The radar horizon of the RED weapon. 

BLUE missile speed. 

miewuaDiwe Containing Ship position =mmLOrmMatmon. 
The RED weapon radar cross sectional area. 

The RED weapon speed. 

search radar detection range ina clear environment. 


Fire control radar detection range ina clear en- 
vironment. 


BLUE ship missile range. 


Aeray containing the sum of a ship's detection 
ranges. 


BLUE missile speed. 
Acquisition time delay. 
Time of detection. 
Designation time delay. 
Time of detection. 


Time of detection in the second bistatic detection 
Zone. 


Last time to fire based on search radar range and 
maximum range miSSile. 


Firing time delay. 


Time target will come within the fire control de- 
tection range. 


Maximum theoretical radar range. 


Reaction time delay for horizon scan mode of opera- 
eon 





Fat 
TIFA 


TIME 


TIMF 
TIML 
TIMLA 
TIMLB 
TIMLC 
TIML2 
SINT 


TLS 
TM 
TMAX 
TRGE 
TSHOOT 
TSR 
TTA 
TTARG 
Bb 
eC 
TWDS 
dis 


VEL 


Time target will come negOUENN the search radar de- 
tection range. 


Time target will come within the horizon scan 
detection range. 


Present game time. 


Time target will exit the fire control radar detec- 
tion range. 


Time the target will go beyond the search radar 
detection range. 


Storage for second bistatic detection zone loss of 
target time. 


Storage for second bistatic detection zone loss of 
target time. 


Storage for second bistatic detection zone loss of 
target time. 


Time target will go beyond detecticn range in the 
second bistatic detection zone. 


Piet nen ntervyaameOVer Wihisedal aah!) measewdskcs anise le 
launched. 


Last time to fire based on fire control radar range. 
Proposed RED missile launch time. 

fine Vite onmbaunch of RED Preece? 

a) Hazard zone range squared, b) time of.detection. 
Time of proposed BLUE missile launch. 

Total reaction time delay. 

Storage for second detection zone detection time. 
The temporary target list. 

Storage for second detection zone detection time. 
Storage for second detection zone detection time. 
Delay for weapons direction equipment processing. 
Time between RED missile launchings. 


RED missile speed. 
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BCPA 
mCPA 


Za: 


2. 


ASMT 


CHANEL 


EBTJR 
logy 


IBAT 


reOT 
IP 


IU 


JAPL 


JULIA 


MFOG 
M1 
NADAR 
NB 

NC 
NCH 
NC1 


NMS 


CPA position ian the X direction. 
Crnmpocition in the Y direction. 


(0,1) random number. 


SUBROUTINE SUBE3 


The tabie containing the RED missile launch ana 
babeeLing information. 


The array that indicates which system channels are 
in use. 


mire 1 coordinate of CPA. 
BLUE missile flight time. 


Array giving the number of BLUE missiles available 
by Oattery. 


Flag indicating channel assigned. 
Ship class starting index in the X vector. 


Input code giving target, ship, svstem, and direc- 
Commit orinae.Lon . 


A channel number. 

RED missile number for table lookup. | 
Firing ship number. 

Target ship number. 

Number of original target. 

Flag used to check director scheduling. 
Target number after Searching PRIOR. 
Array to check launcher operability. 
Director number. 

Channel number. 

Number of channels associated with this radar. 
Channel number. 


Missile system number. 
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NSAM 
PROB 

| RAID 
REASON 
RELOAD 
RGE 
RJL 
RLT 


SAMASM 


puHiP 
SMAT 


Cr 


oer 
“Vg 


TGTAV 


TIM 
TIME 
TL 
My 
AP 


YP 


BLUE salvo number. 

Pmr@biotinity Of kill. 

Table of raider positions. 

Code for non-engageability. 

Table that tells if the launcher is loaded, 
Systems maximum range. 

Mie X coordinate of CPA. 

Launcher reload time. 


The table of BLUE missile and RED target engagement 
data. 


Table of ship positions. 
Table of BLUE missile system data. 


Dummy vector for storing the times the channels 
wili be free for other use. 


Time director needed. 


Time target available for engagement by another 


Time channel free. 

Present game time. 

Time director no longer needed. 
Time director needed for homing. 
Present target X coordinate. 


Present target Y coordinate. 


10. SUBROUTINE SUBE4 


ED 


PH IT 


Used as a class indicator, i.e. ASM type, or as an 
MimecechmCcOmcuantl, 1.c. number Of hits to Sink the 
tareet ship. 


The table containing the number of hits sustained 
thus far an the game. 
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18) 


NAM 
NAS 


PB 


The input code cont@ining the RED missile number 
and the BLUE target ship number. 


The target ship number. 

The RED ASM/SSM number for table lookup. 

The RED ASM/SSM number in the input code. 
iiespeovaprlity of =sweeesstul! flight for the RED 


missile. Also used in determining the input and 
CUmOUETtLIMe..O1 the subroutine if X(55) is set. 


11. SUBROUTINE SUBES 


ASMT 


CHANEL 


ID 


IFAG 


IFBG 


IGAGE 


ie 


1Q 
ISAG 


ISBG 


JACK 


JAM 


The table containing the data on the RED missile 
eneacement. 


The table that keeps track of which BLUE missile 
channels are being used. 


An integer constant used for the starting address 
in the X-array of the BLUE firing ship's class 
jnputs. Also used as the number of RED ASM/SSMs 
launched up to the present game time. 


Integer constant that totals up the number of RED 
missiles engaged by the BLUE fleet. 


Integer constant that totals up the number of RED 
raiders engaged by tne BLUE fleet. 


Integer constant that keeps track of which targets 
have been engaged. 


Ragar Class of the BLUE fire control radar asso- 
ciated with the engagement. 


BLUE missile system class number. 


Integer constant that totals up the number of RED 
missiles first engaged by this firing ship. 


Integer constant that totals up the number of RED 
raiders first engaged by this firing ship. 


The table that keeps track of the number of missiles 
and raiders engaged py the firing ship. 


The table that totals up the number of jammers 
ODerAtiInt OMe particular radar frequency band. 
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JFK 


KEY 


M 


MISLFT 


NA 


NASM 


NB 


NC 


NDU 


NMS 


NT 


TOT 


PB 


PROB 
SAMASM 
SMAT 
TA 

ig 


TK 


Integer used in table lookup. 
Giie BLUE firine ship. 


feomicedsime the statement ——= CALL REACT (KEY,4, TA) =— 
where 4 is the type of delay, KEY is the class of 
mie particular distribution within the type, and 
TA is the delay. 


The BLUE salvo number. 


The table that keeps track of the number of mis- 
Siles remaining on board the RED raider. 


The number of missiles in the BLUE salvo. 
The RED ASM/SSM number for table lookup. 
The number of RED ASM/SSMs processed thus far. 
The BLUE ship's director involved in the engagement. 


The channel number of the fire control system en- 
gaged in the intercept. 


The starting address of the class associated with 
Pacman TometNVvolvea An Che interecpet 

The number of the ship's missile system involved 
in the intercept. 
The target number, 91-190 for a 
RED missile. 


=O Shor asraider, 


The number of missiles left on board the raider. 


The probability that the BLUE missile will receive 
the proper support during flight. 


The overall probability of a successful intercept. 
The table that keeps BLUE salvo information. 

The table that keeps BLUE system information. 

The time delay for target acquisition. 

The time delay for firing. 


The time delay for kill assessment. 
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12. SUBROUTINE SUBEG 


CHANEL 


NB 
NC 


NMS 


The table that keeps track of which BLUE missile 
channels are being used. 


timer li ring ship. 


The input code containing the ship, 
loi. 


system, direc- 
and channel number to be released. 


Piemirree lor number. 
The channel number. 
The system number. 


The input and output time for the subroutine, used 
ijGirnroo) 1S Set, 


13. SUBROUTINE TIMMY 


ALPHA 


ALT 


ASMT 


ASMTIM 


BETA 


CS 
DELTA 


DELTAX 


DELTAY 


DIS 


Dmercress range factor in the intercept contour. 


The angle between the target flight path and the 
imie sOnes@eht tO the target. 


The target altitude. 


The table. containing the data on the RED missile 
engagement. 


Subroutine to determine RED missile position ata 
given time. 


iiewmdovnranseutactor im the antercept contour. 


The angle between the BLUE missile flight path and 
the target's direction of movement. 


The target course. 

The reciprocal of BETA. 

Weedetorsa)) the % distanee from the target ship to 
the RED missile, b) the present distance in the X 
GimrecettOnetromn the firing ship to the target, and 
GC) tilewars tance in the x direction from the firing 
Spe bOuulile Invercept point. 


same as DELYTAX but in the Y direction. 


Range to the intercept point. 


aad 





DLT 


DX 


DY 


eT 
ZL, 


FZL1 


JOAN 
JULIA 
K 

KL 

KR 


LOCTIM 


M 
NMS 


NS 


Range to the intercept point. 

Dietvamece in the X direction from the initial target 
position to the intercept point. Used if inter- 
Cope porme 1S ever the firine ship. 

Distance iImethe ¥ direction from the initial target 
POstetone LO the intercept point. Used if the in- 
Pekheepi sPOInt 1S directly over the Tiring ship. 


The exponent that defines the super ellipse of the 
PieekcCept CONntTOUr. 


BLUE missile flight time. 
Pete tana limit ol the firing zone. 


Left hand limit of the second firing zone if a 
second exists. 


helehiemanma ilaimit of the £Liring zone. 
Rucwe hand limit Of the Second firing zone. 


Angle between the BLUIE missile flight path and the 
immerOlecie@hnt tO the target at launch. 


The Sine of GAMMA. 

RED missile type. 

Flag indicating the Pete eety of the intercept. 
RED missile's launching raid number. 

RED missile's target ship number. 

RED missile number for table lookup. 

Firing ship number. | 

otarting index for the BLUE missile class. 

Raider class number. 


Subroutine for determining raider position at a 
desired time. 


Target number. 
BLUE missile system number. 


The number of ships in the BLUE force. 





PHI 


PHIt 


PI 
Pd Z 
ede 
PM 
PROB 


RADIAN 
RAID 


RAT 
REASON 
RMAX 
RMIN 
RUTH 
RXATA 


SEEK 
SLOPE 


SSPD 


THETA 


Jan 
TIME 
KIL 


TX 


The BLUE firing bearing. 


Ciewaneve Ol Axis rotation for intercept contour 
engagement evaluation. 


Sele LogZOO4. 

The hazard range squared. 

The single shot kill probability. 

Mies probability of successful launch. 
PK times PM. 


A function for converting angles in degrees to 
angles in radians. 


The table with the raider position and weapon 
MEO Mat LON. 


A REAL*8 variable for use with RADIAN. 

A code to indicate the reason for non--engagement. 
The maximum range of the PLUE missile. 

The minimum range of the BLUE missile. 

Target altitude in miles. 

Dummy vector use to determine the firing zone. 


Y intercept of the intercept contour seeker limi- 
bat Tom sapprouimaciton. 


The slope of the line that approximates the seeker 
Hook limitation. 


Speed of the BLUE missile. 

The angle, measured in the normal X,Y plane, of the 
line from the firing ship to the present target 
position. 

tieececiprocal of THETA. 

The time of the proposed missile launch. 


tive cine ol Intercept. 


The time the target will enter the maximum missile 
range for this system. 


ieee 





TAL 


VEL 
XI 


ZIP 


XIS 
KP 


XT 


XW 


vel 


iP 


YIS 
xP 
igh 
YW 


ZLUNKA 


14. 
AREA 
COFF 
DELX 
DELY 
HJBW 
HRBW 
ats 


JJTBR 


The time the target will depart the maximum missile 
range for this system. 


The speed of the target. 
The X coordinate of the intercept. 


ites. Intercepimcoordinate after axis rotation and 
teanoclation. 


The X intercept coordinate after axis translation. 
The X coordinate of the present target position. 

The end of game X coordinate for the target if it 
moma latdaer, Or the target Ship coordinate if the 


BLUE missile's target is a RED ASM/SSM. 


The initial position of the target in the X direc- 
tion. 


The Y coordinate of the intercept point. 


The Y intercept coordinate after axis rotation and 
ePanslavion. 


The Y intercevt coordinate after axis translation. 
The Y coordinate of the present target position. 
The end of game Y coordinate for the target. 

BheeY C@©ordinate of the initial target position. 


A sorting subroutine. 


SUBROUTINE JAMM 


HOUM CME rOOL Of target's radar cross section. 
Jammer's main beam/Side-lobe coefficient. 

PeEect setrrack Change in A-direction minus O.1 nm. 
FParget cetrack change in Y direction minus O. id) min. 
One-half jammer eam Wace tele ec as , 

One-half radar beam width in radians. 

Target ship number. 


Bearing from jammer to the jamming target. 


Las 





JRBRG 
LJBW 


LTBRG 


NASM 
NR 


PJ 


RCOF 


RCOFF 


RCPS 
RJBRG 
RJBW 
RJHS 


RRJS 
RTBRG 
SUMJP 
TBRG 
TIMC 
TIMI 
TIMX 
TIMY 


VD 


Bearing from the jammer to the detecting radar. 
Left bearing of the jamming beam. 


Left bearing of the detecting radar's beam while 
pointed at the target. 


Number of the ASM. 
Number of raiders. 


Power of the jammer on the detecting radar's fre- 
quency. | 


Detecting radar's side-lobe coefficient. 


Detecting radar's side-lobe coefficient for specific 
jammer-target-radar geometry. 


Range to track CPA squared. 

Detecting radar to jammer bearing. 
Right bearing of jammer beam. 

Detecting radar-jammer horizon squared. 


-_ + 


Range from the detecting radar to the jammer 
squared. 


Right bearing of the detecting radar's beam width 
while pointed at the target. 


sum of the jamming power arriving at the detecting 
imacdatr 


Target bearing from the detecting radar. 
Time constant used to adjust midpoint time. Base 
on target's launch time or game time of target's 


Mipegreat posit lon. 


ime starser 1S at ats midpoint in detecting radar's 
detection envelope. 


Time target is at the X coordinate of its midpoint 
in the detecting radar's detection envelope. 


Pincmeansee IS anche Y¥ Coordinate Of 105 midpoint 
in the detecting radar's detection envelope. 


Divisor used in obtaining the X and Y components 
of the target's velocity. 
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Vx 
VY 
xC . 


XCOF 


XJ 


XJ J 


XJJST 


XJR 


XJT 
XO 
XR 


Gaah 


XL 
EC 


YJ 


YJIJ 


YJJT 


YJR 


YJIT 
YO 


xR 


X component of the target's velocity. 
Y component of the target's velocity. 
heeoordainatve of target's CPA to detecting radar. 


Product of the jammer and detecting radar coeffi- 
clients based on the Jjammer-target-radar geometry. 


X coordinate of the jammer when the target is at 
76S Midpoint. 


X coordinate of the jammer at game time O. 


Difference in X coordinates of the jammer's posi- 
tion and the jammer's target position. 


Difference in X coordinates of the detecting radar's 
position and the jammer's position. 


X coordinate of the jammer's target. 
Mecoordinate of the target's terminal position. 
mA coordinate of the detecting radar's position. 


Ditterence in Y cogomeéamates of the detectine radar's 
position ana the target's midpoint position. 


Meceorainave Or the targer's initial position. 
beeceoradinate of target's CPA to detecting radar. 


Y coordinate of the jammer when the target is at 
meow iL apOdnt . 


Y coordinate of the jammer at game time OQ. 


Difference in Y coordinates of the jammer's posi- 
tioned tie jyammer'sS tarzser position. 


Difference in Y coordinates of the detecting radar's 
position and the jammer's position. 


Y coordinate of the jammer's target. 
Yscoordinate of the target's terminal position. 
Vecoordimate OL the Gerectine radar's position. 


Difference in Y coordinates of the detecting radar's 
position and the target's midpoint position. 


1S 





val Neecoordinate ofvthe target's initial position. 


Z1 Vareet altitude in nauti@eal miles. 


moe OUBROUTINE BIDET 


A Coefficient used in solution of bistatic detection 
and radar horizon equations. See Appendix A for 


batstatic equation. 


Al ae 

A2 A squared. 

B Similar to A. See Appendix A. 

o Similar to A. See Appendix A. 

oC Constant used in solution of receiver and trans- 


mitter radar horizons equations. 


CHAR Constant of bistatic detection equation. See 
Appendix A. 


CHAS Bistatic radar detection range in clear environ- 
ment against one square meter target. 


cOr Array used only in calling subroutine DTIMD. 

COFF see definition in subroutine JAMM portion of this 
glossary. 

CPRS Range squared from track CPA to bistatic receiver 
position. 

CPXS Range squared from track CPA to bistatic transmit~ 
er DOcaaeme il. 

D Himilar to A. See Appendix A. 

DELX Same definition as in subroutine CPA. 

DELY same definition as in subroutine CPA. 

E Similar to A. See Appendix A. 

EE Constant used in the solution of bistatic receiver 


and transmitter radar horizon equations. 
HJBW Defined in subroutine JAMM. 


HORRS Receiver's radar horizon range squared. 
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HORXS 
HRBW 
IFLAG 
ir 


JAM 


JF LAG 


JJTBR 
JRBRG 
LJBW 
LTBRG 
NASM 


PJ 


RCOF 
RCOFF 


RD2 


RJBRG 
RJ BW 
RJHS 


RRAD 


RRH 
RRJS 
RTBRG 


SUMJP 


Transmitter's radar horizon range squared. 
Defined in subroutine JAMM. 

Flag set to 1 for stationary targets. 
Simpenumber Of bistatic traneaiteer. 


Array indicating the number of active jammers on 
each radar frequency band. 


Flag set to 1 when the algorithm has completed the 
jamming section of the detection phase. 


Defined in subroutine JAMM. 
Defined in Subroutine JAMM. 
Defined in Subroutine JAMM. 
Defined in subroutine JAMM. 
ASM number. 

Defined in subroutine JAMM.,. 


Ptecimelaneecwin Y direction divided by track change 
i Amen eC v LON, 


Defined in subroutine JAMM. 
Defined in Subroutine JAMM. 


Square of the range from the bistatic receiver to 
Stationary target's position. 


Defined in subroutine JAMM. 
Defined in subroutine JAMM. 
Defined in subroutine JAMM. 


Radical wart of Solution to quadratic equation for 
time above bistatic receiver's radar horizon. 


Range to receiver's radar horizon. 
Defined in subroutine JAMM. 
Defined in subroutine JAMM. 


Defined in subroutine JAMM. 
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it 
TBRG 


TIMC 


TIME 


TIMEL 


TIMI 
TRA 
TR2 


eX1 


TX2 


Zz 


a 20 


V 

VD 

VX 

VY 
XCOF 
XCOFF 


XD2 


Xd 


XJ 


inowiray CONLeIn bigs Lhewpistatic detection times. 
Defined in subroutine JAMM. 


Time constant based on target's launch time of 
missile. Otherwise start of game time. 


Array containing the real parts to the solution of 
Eteceprotatre —equarion. 


Array containing the complex parts to the solution 
of the bistatic equation. 


Defined in subroutine JAMM. 
Time target enters receiver's radar horizon range. 
Time target departs receiver's radar horizon range. 


Time target enters transmitter's radar horizon 
range. 


time vtarsey Geparus transmitter's radar horizon 
range. 


Time target enters bistatic radar detection envelope. 


Time target is first above both transmitter and 
receiver's radar horizon. 


Time target departs bistatic radar detection en- 
velope. 


Time target is no longer above both the transmitter 
and receiver's radar horizon. 


Target's velocity in nautical miles per minute. 
Defined in subroutine JAMM. 

Recemecnent Of target velocity. 

Y component of target velocity. 

Defined in subroutine JAMM. 

Defined in subroutine JAMM. 


SGmare Of the range from the bistatic transmitter 
tO the stationary target's position. 


Defined in subroutine JAMM. 


Defined in subroutine JAMM. 


1.78 





XJJT 
XJR 
XO 
XR 
XRAD 


XRC 


XRT 
XX 


_ 


AXC 


X1 
YJ 
YJJ 
rT 
YJR 
YJIT 
YO 
aR 


YRC 


YRT 


YXC 


fy 
ZR 
ZRN 


LX 


Defined ns Subroutine JAMM. 

Defined in subroutine JAMM. 

X coordinate of target's verminal WOS Uo tls 
VeaecemmurNate Oly Distavtvie radar receiver position: 
Similar to KRAD above. 


MecCoOrdinate of target track CPA to bistatic 
receiver. 


Defined in subroutine JAMM. 
PMEecOOrcinate OlLvthe Distatie transmitter. 


Meceoercdimave OL tarcet track CPA Lo bistatic 
transmitter. 


Me coordinate rwot target'S initial position. 
Defined in subroutine JAMM. 

Defined in subroutine JAMM. 

Defined in suhroutine JAMM. 

Defined in subroutine JAMM. 

Defined in subroutine JAMM. 

Y coordinate of target's terminal position. 

Y coordinate of bistatic receiver's position. 


Pecootarnave Of Larget track CPA to bistatic 
receiver. 


Defined in subroutine JAMM. 
Wecoordmmate On the OlStaele transmitter position. 


WECOOronate Ol ebarcetoerackeCrA to bastatic trans- 
Ngee re 


MmECCOcUmniteCrOlebareer S INltt1a! position. 
Bistatic receiver antenna height in feet. 
Bistatic receiver antenna height in nautical miles. 


BPeetatte transmittcr antenna height in Ieet. 
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1 


Z12 


16. 


DELX 


DELY 


XC 
Gl 
XO 
XP 
AC 
pI 
YO 


peP 


a? . 


DELX 


DE LY 


DIS 


ily 


PEER 


Eastpatvic tranemitter antenna height in nautical 


miles, 


Target altitude in nautical miles. 


target altitude in nautical miles squared. 


SUBROUTINE CPA 


First used as a test variable to determine if track 
passes through reference position. Second usage is 
Pommicmes le track change an x Girection. 


First used as a test variable to determine if track 
passes through reference position. Second usage is 
WOwrmewmeate track change in Y direction. 


Track change in Y direction divided by track change 


aia rectrio 


coordinate 


re 


coordinate 


GOorainaLle 


x 


coordinare 


WCOorainate 


Ke 


COoOrainace 
Neecooraina te 


mn eecOoCrainatce 


n. 

of 
of 
opi 
On 
of 
of 
(opr 


Oi 


SUBROUTINE RCHECK 


GPA posit heme 

MibkC later ael WoOSsTt lon, 

terminal track position. 
reference position. 

CPL pesition:. 

ited ad back poeont 

terminal track position. 


reference position. 


The distance along the X axis from the raider 
DOstuIONne lO Utne Pporential target position. 


tiie warsvarce alone tne Y axis from the raider 
position to the potential target position. 


The square of the distance from the raider to the 
potential target. 


The height of the highest radar on the potential 


Eaneer Ship. 


mmeeradar horizon for TIT. 


1.86 





ID 
IR 
oT ° 
K 


RADAR 


RADAR2 


RR 


RR2 
RTR 


Sui P 


XS 
XT 
YS 


val 


The class number of the potential target ship. 
The raider number. 

The potential target ship number. 

faceror £O/nogo Situation. 


mine rweoOmpDiitea radar horazgons of the raider and the 
peiential target. 


RADAR squared. 


The maximum theoretical range for the raider's 
ela ie. ; 


RR squared. 
Heese horizon for the raider. 


The table containing the BLUE ship location infor- 
mation. 


The raider's present position along the X axis. 
The ship's present position along the X axis. 
The raider’s present position along the Y axis. 


The ship's present position along the Y axis. 


18. SUBROUTINE TMDASM 


A 
B 
BL 
C 


DELTAX 
DELTAY 
DELX 


DELY 


Coefficient A in the quadratic equation. 
Coefficient B in the quadratic equation. 
peta ye— mx + b 

Cociiicient € in the quadratic equation. 


The distance in the X direction from present posi- 
tion to the end of game position. 


The distance in the Y direction from present posi- 
tion to the end of game position. 


The distance in the X direction from the intercept 
position to the present position. 


iremdastance 1m the Y GQirection from the intercept 
position to the present position. 


Leal 





DEX 


DEY 


DIC 


Di 


D1 


D2 


IFLAG 


IRAID 
ISAMBT 
ITS 


KFLAG 


M 
NFS 
RAID 


RIP 


ROOT 
pHilP 
SLM 
ORG 
TIME 
TIML 
TML 


TOAST 


The distance in the X direction from the firing 
Ship to the target at present time. 


The distance in the Y direction from the firing 
ship to the target at present time. 


Miememsionee sin elther tie Xs or Y direcgaon from 
Piverecept to end of game. 


The distance in either the X or Y direction from 
present position to ena of game position. 


Destanece from present position to Lirst intercept 
point, squared. 


Distance from present position to second inter- 
cept point, squared. 


Flag indicating target is already within the indi- 
cated range. 


Raider number of target or launching raid. 
Battery number. 
Target ship number when target is an ASM/SSM. 


Flag indicating target moving in a north or south 
Gaacect lon. 


Raider number. 
Firing ship number. 
Dine sraid array. 


The range to the target or to intercept, whichever 
is smaller. 


B* - 4AC. 

Miceshipearray . 

Moan ¥ ="mxX + b. 

Range of interest. 

Time target crosses range inbound. 
Time target crosses range outbound. 
Present game time. 


Be = EAC . 





VEL 
XI 


y I 


Target speed. 
Inbound crossing point. 


iiMmoOund. CreoOssSine® point. 


19. SUBROUTINE TMDBOM 


BA 
C 


DELTAX 


DELTAY 


DELX 


DELY 


DIC 


wit 


IR 
RAID 
RGE 


SLM 


VEL 


A in the quadratic equation. 
B in the quadratic equation. 
pain Y = mk + b, 

Catweene quadratic equation. 


The distance from present position to the end of 
mame position in the A direction, 


The distance from the present position to the end 
Ol Ppame position in the Y direction. 


Distance from the intercept point to present posi- 
Proms ti chewed trection. 


Distance in the Y direction from the intercent 
point to the present position. 


~ 
- 


Distance from the intercept point to the end of 
game position in the X direction. 


Distance from the present position to the end of 
Mame position in the X direction. 


Raider number. 

Ra rOe array. 

The launch range. 

iietney = mxX + Db. 

Time raider will reach the launch range. 


The raider speed. 
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20. SUBROUTINE LOCTIM 


D 
DELTAX 


DELTAY 


DL 


PTIME 


RAID 


VEL 
XP 
XZ 
xP 


YZ 


The distance between the raider end of game posi- 
tion and the position stored in the RAID tabie. 


The distance along the X axis from the end of game 
weatt1en tO the position stored in the RAID table. 


Distance along the Y axis. 

Drstance traveled in the time interval defined as 
the difference between the time stored in the RAID 
table and the time for which the raider position is 
desired. 

The raider number. 


The time stored in the RAID table. 


The table that ccntains the position and weapon 
Diora t 1On . 


The time for which the raider position is desired, 
The raider speed. 

ihe x position at time T. 

The X position stored in the RAID table. 

The Y position at time T. 


Mites pesittion Stored in the RAID table. 


21. SUBROUTINE ASMTIM 


ASMT 


DL 


ID 


M 


MA 


The table containing the data on the RED missile 
engagement. 


The distance petween the missile launch point and 
the Impact point. 


ihevdiseance the missile will travel in the time 
defined as the difference between the launch time 
and the time for which the missile position is 
desired. 

The RED missile type. 


The RED missile target number. 


The RED missile number for table lJookup. 
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iN The time for which the ASM/SSM position is desired. 


VEL The missile speed. 
XP tice apOSablons authe tame 1. 
YP Chee position ac the time T, 
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